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PRFACE
 

The PAO World Symposium on Man-Made Forests and their Industrial Importance, 
ocnvened in Canberra, Australia, in 1967, drew attention to the inoreasing ocntribution 
of man-mad. forests in the field of forest development and wood produotion. Estimates 
made at the time of the symposium were that A world total of about 80 million ha of 
man-mad. forests had been planted up to 1965, and that by 1985 the total might wll 
reaoh 200 million ha (PAD, 1967). In some ocuntries of the world, a substantial part 
of the national wood oonsumption is already met by wood produotion from plantations, 
and in other countries there is a growing recognition of the possibilities and 
advantages offered by man-mad. forests, even where oonsiderable reserves of natural 
forest exist. 

This document is intended to serve as a referenoe book on some of the prinoipal 
methods of establishing forest plantations. Coverage is global, with some emphasis on 
teohniques suitable for tropioal and sultropioal regions. 

For the purposes of this book, the plantation establishment phase is oonsidered 
'.o be that general period from initial site preparation to the stage hen the plantation 
crop olose canopy. The book, therefore, covers site preparation, planting and direot 
eowing, early tending and protection operations, as wll as the necessary operational 
planning measures required to ensure timely and efficient completion of activities. 
Subsequent managerial practices carried out after canopy closure and operations done 
prior to site preparation, such as nuruery produoiion and choice ol spsoie aild sites, 
have been excluded. 

The subjeot matter is treated on a broad base, covering the main teohniq.., and 
general principles of plantation stablishment and operational planning. Greater detril 
on specific practices for particular areas can be found by consulting handbooks or 
manuals prepared for individual regions or projeoats many of which are listed in the 
extensive bibliography provided at the end of each chapter. An additional bibliography 
of general, comprehensive souroes of informatim is given at the end of the book. 



CHAPTER I 

SrE PREPARAIOii 

GUEERAL CONSIIERATIONS 

Site preparation as disoussed in this ohapter is oonfined to firm, well-drained or 
generally dry land sites, already occupied by a usually indigenous ground oover (more 
diffioult sites are dealt with in Chapter 4). This vegetative oover can sometimes prevent 
the successful establishment of a new plantation orop by oooupying and *ilizing the 
required land, by oreating exoessive competition for available moisture and/or nutrients, 
by depriving seedlings of light or by hindering the introduotion of techniques neoessar 
for suocesoful establiahment. Under such oonditions, a primary requirement is to determine 
efficient and eoonomio methods of eliminating harmful competition. Sometimes removal of 
vegetation creates sufficiently favourable conditions for tree establishment without 
further assist&, o, but in other areas the main aim is to create oonditions whereby 
regrowth and weeds can -,adily be oontrol led during the establishment period, whioh may 
cover a number of years. Site preparation is an early investment and often constitutes a 
major proportion of total establishment costs. The fact that such oosts considerably 
%ffeot finanoial feasibility underlines the need to use effioient and eoonomio methods. 

As the removid of an indigenous vegetative cover constitutes a major eoologioal 
change, no site clearing shoeld take place without knowledge of what these effects are 
likely to be nnidwithout careful planning to ensure that ol6ared land is carefully and 
efficiently used and that necessary precautions are taken to prevent soil degradation or 
erosion.
 

In certain favourable circumstances, it may be possible to establish the 
plantation crop with minimum disturbance of -he natural cover and minimal or no 
oultiv&tion of the soil. For example, where fast-growing tropical pines are planted on 
short-stb-Ised s-rass sites, it is oomon practice to plant the seedlings without prior 
cultivation, the only preparatory work Leing to burn off the grass in the dry season 
preceding planting. At the other extreme, there are examples where dense tropical rain 
forest has to be removed, often under difficult oonditicns of climate and terrain, before 
planting can begin. Often t. soils of such rain forests are fragile and great care has 
to be exeroised if excessive erosion is not to ensue. Between these extremes, there in a 
great range of sites and oonditions offering a number of options on how site preparation 
may be undertaken. 
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Sit* Preparation using labour and 	handtels is the oldest and 	 remains the motsamen methpd. Nore recently t particularly where the 	labour supply is restriotedoertly, a number orof moohanized techniques hav, been developed, many involving epecializedequipmenat for clearing %adcultivation. Site preparation in forest or woodland,partioularly in hot climates, in extremely araeous and 	heavy power unite can take ame ofthe 	drudgery out of such work. Mahinery offers high outputs per hourinvolves a high capital 	 or per day, butexpenditure and requires special operating and maintenance skills.A frther innovation ie the developent of chemical wedioides which can be usedforestry to control or eliminate unwanted vegetation. Sems oheaioal 	
in 

method. are used onan operational scale, but others remain at the experimental stagel for many there isinoempleto information of their possible harmful effects on the goneral environment. 

?or any afforestation pro.ot, site preparation methods should be investigated,developed and assessed prier to initiating the project. In many countries, adequatemanual techniques are established and known, but 	 for @me operations the employment ofmechanized or chemical techniques may offer improved cost efficiency or opportunities toextend the scale of project. In the absence of any 	previous site preparation investigatioce, a series of trials is required to compare the standard local techniques with othermethods which soen relevant to the sit*s being developed. The comparisons should be madeon the e or highly similar sites and should not be confined only to site propur&tionbut 	should rolAte the operations to subsequent ostablishment, tending and growth. 

The general objotives of site preparation involving clearing of vegetation and/or
cultivation aret 

1) 	 to olear the site of existing vegetation so as to reduce or eliminate
competition which could prevent adequato ostablishment or adversely
affect the plantation crop and 

2) to cultivate the ground 

&) to facilitate planting and establishment and to encourage 
rapid root development,
 

b) 	 to reduce the wood sover, 

o) 	 to reduce erosion by providing physical barriers to surfaoo 
runoff and, 

d) 	 whore mechanized post-planting weding is plamned, at the 
time of cultivation or before to remove all 	surface orbelow ground obstructions likely to hinder weeding operations. 

Vader specified conditions only some of these objectives m apply to a particular
area or preject. 

MANUAL NINT)I
 

Manual methods for clearing ground cover and 
for 	soil preparation are in
predminantly under the 	

use 
following oirouastanooes
 

I) where 
 the ground cover requires at 'nima of disturbance prior to 
planting or seeding, 

2) 	 where labour is plentiful, cheap sad efficient or, in some cases,
whore it may be socially desirable to employ labour in preferonce 
to other alternatives, aid 
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3) where %"hinary is not available or where the terrain is toe
 
teoep, toe reoky, toe vet or otherwise unsuitable for its
 

operation.
 

Orws or 3hrb Coered. Sits 

Diregt Planting without Clearing 

( seem sites where the ground sever consists predeminntly of grams speoies or 
of low, shrubby species direct pleating may be carried out with a minimam of previous 
site preparation. Suoh is the ae in the pine plantations of Zul.uland in South Africa 
where pine@ originating primarily from southern U.S.A. (Pinus slliettii) have @hemu a 
remarkable capacity for growing up through the undisturbed mature grams, provided that 
their top@ are kept free by slashlg. No form of soil proparti%' is needed and the 
plants are simply Inserted into holes er slits made with a trowel. 

Direct planting without previous site preparation is als* practised in many 
northern temperate countries, for instance on old olsia-felled onifer forest land or 
dry heath moors, where @oil nutrients and moisture are sufficient both for the newly 
planted seedlings and for the native vegetation. Somtims the retention of ground 
over is even desirable because of its beneficial affect in protectia the young forest 
plants from frost or from exposure or in reducing the risk of eroeion on steep or hilly 
sites. The essential feature in the direct planting method is that the forester relies 
mainly an poet-planting weeding and slashing to keep the forest plants from being 
suppressed by the native vegetation. 

8trip and Patch Clearin 

In cwes whore the oeepetition of herbaoeeus or shrubby vegetation is harmful to 
the new forest crop, am happens frequently in -the Mediterranean region and other are=z 
subject to pronounced dry seasons, it is necessary to clear tDo vegetation prior to 
plantin4. Where burning cannot be safely managed and where it In too costly to clean 
oultivrte the whole area, clearance of the vegetation is limited to relatively small. 
patohes or narrow stripet in which the tree soedlinga are later planted. The oleartid 
patches or stripe should not be less than one metro in width, preferably 1.5 metres, and 
should be well cultivated to good tilth before sowing or planting. The tools most 
oomenly used for this work are the mattock, heavy hoe and grubber. Moot effective is 
the mattock, which has a hoe or digging blade on one side and a pick or cutting blade on 
the other. 

On hillaides liable to erosion, the cleared patches and stripe are usually sited 
on the contour, the uprooted vegetation being stacked along the lower edge am a 
prooaution against soil wamh. Where soil conditions permit, contour stripe can be 
pleughed. 

In oroooo, the seil preparation method most used in shrub-covered foothills for 
planting Eucalyptus 1 ooqhala and Pinus halsonis is to olear and cultivate by mattock 
patches of land (gt**@ 50 - 7O on. Frequntly these oultivations are ooabined with seil 
and water oa-ervation zeamures such " contour ditching or oonstruotion of narrow terraces 
(gradni or banquettes). 

hmrninz Off 

Controlled ,urning of rams or low bveh covered sites prior to planting is oon 
practice in many countries and can be said ".o be the oldest method of ground clearance and 
may be the cheapest. Controlled burning :,equires careful planning. The general approach 
involves cultivating or clearing a fireline or break around the area and initially burning 



a strip at lea&t 50 a wide into the win&, with the fire bein keptOne, & sufficiently large 
uder control by beaters.downind strip in clear of infl-mblo matter, theperimeter is cot alight rest of theand the fire is allowed to run vitL the breee. This main burningis best deno in the evening or at night when winds generally di p and the fire is lesslikely to *11 out of oentrol.
 

Daruing 
in now oase may be harmful, for instance by stimulating the regenerationof undesirable specios, by aggravating *oil oresin or by premoting the outoreak of fungusdi easoes (o.g. Rhisina unnlat on Pinus sylvosris). 

1ush or Forest Covory4 3ites
 
On s tes covered with woody voegtatin there are two
1) felling, Were roots major olearing teohniquesar loft in the ground or 2) stumping, where the roots are


extracted.
 

Fellins without Root Ertrotion
 

Olear Felling
 

The cloarmng of more or less densely 
 covered bush or forest lendcestly in manpower, though the finoial cost to a 
in almost invaria~blyproject may be reduced if a gooproportion of the wood being cleared caomics aem commrcialpoet., poles, pulpwood or even timber. In such oases, tho 

value as firewood or charcoal,lend olearing operation is oftencontracted. The form of such contracts naturally vary widely throughout the world, withmuch dopading an the value and usefulness of the material to beuirowstenoes, clearing may yield 
oleared. In favourable a not income, recouped either in oash or oemutedadditiieO. site preparation work forsuoh an fencing, draining, or oenstrutien of &aes r ads. 

In other areas, the site to be prepared for planting may be previously loggedforest in whioh all or most of the usable =zairial has already been removed, leaving onlythe felling debris mingled with unmerjihantable atom, woods, ooppioo sproats, an understory forest or bamboos. There is then little alternative butmen to out to move i'%with gengs ofand clear the vegetation for broadcast burning or to pile it in heap. or rowewhere it can be burned or loft to rot.
 

In P,.pua Now Quinea, native 
rain forest i clear-felled froe plantatien sites bymanual methods. Laboarrs first go through the area cutting all ground vegetation andstem up to 7.5 o diameter. This oleare the way for the next gang of men who fell allthe stem above this diameter end at the same time tri
felled treo. Soe six 

off the brenohee fro, the larger
to eight weeks later, during a few days
areas ar dry spell, the out-oversystematically burned, end generally all but the heavier logs are onsumed.The brushing and felling work alone requires up to 50 man-days per hetaro.
 

In Ghana, tropioal high forest 
 is also maiually cleared for plantinC. Followi gselective logging, understookod sites are cleared of underbrush end small treesof labourers using machetes. by gangsLarger treos aft felled with power savs or poisoned. Somde-liabing is done in association with felling to facilitate
vA'drewing are not 

a goo burn, but stacking andrrotised. Broadcast burning is done in the dry season. The fellingend burning operation require an average of 86 man-days/ha.
 

Similar large-scale manual clearing of 
momercially poor lowland tropical rainfirest is done at the Jari River project in the Brasilin leasen region, wbere large gmngWof closely supervised contract labour have replacod heavy tractors (Palmer, 1977). 

i 



In Papa Now Guinea, Ghana and Brasl, tUe species subeoquently planted are light
demnders. %hoerequire total folliag of existing vegetation, but with mere shade-tolerant 
epeoies it may not be nooeosary or oven desirable to remove all the indigenous forest growth 
frem the sit. Conseq"uentyq yrtew of patial clearing have evolved which may be oalled 
"strip or line oloarine where the vegetation is totally cleared along lines or bands at 
fiods intervals, and rloaseo clearing for underplantine in which the ground vegetation 
and underetory species are totally cleared while the ovrstory of larger ate is thinned 

out eywto-atioally so that the crowns of the remaining st&@ oat a moeaio pattern of light 
and shade an the greund. 

Strip Cloaring 

Strip olearing has been widely used in the tropios in omnnootion with t 1) 
enrichment planting, aimed at improving the poeroentage of desirable timber speies in 
natural forest without oliminating existing useful trees and 2) conversion planting, aimed 

at the complote replacement of the existing vegetation by an entirely now an-made forest 
(FAD, 1970 ). Although these two reforestation methoeds differ in aim, the tochniques used 
are often very similar. For both, fast-growing, light-demanding trees are planted in lines 
cleared through the existing forhst after varying reductions in the oanopy; for enriohment 
planting soem of the trees of the natural forest are intended to be preserved, while for 

oonversion planting all are eventually removed. The width of the oloared stripe and their 
frequenoy varies, but the method of carrying out the work in essentially the same. 

The first step is to establish a cleared baes line (if no roads or suitable paths 
are available) at right angles to the direction of the future planting lines. This 
direction say be determined by considerations of topography, of future extraction routes or 
of lateral shading (in many West frioan oeuntrigs an east-wet orientation is preferred). 
The planting )ines are then "blaed out" at right angles to the base liAe by a brushing 

gang, the correct direction being maintained by a prismatic oonpass or a simple sighting 
instrument. The blazed lines are then cleared to the required width by cutting and 
felling gangs. The resulting debris is piled to rot along one edge of the strip or, 

preferably, buarne if atmospheric conditions permit. The oloarol stripe are hood in lines 
or in spots ready for planting or sowing. ?ree in the bands of forest between the cleared 
strips which ay cart overhead or lateral shade on the planted trees are either felled, 
ring-barked (i.e. girdled) or poisoned, the intensity of removal depending an whether the 
objetive is enrichment or conversion. 

Although line planting has been widely practised in the tropios, it ham met with 
varying degrees of suooessl there have been a number of attempts to identify the reasons 
for success and failure (Catinot, 1969; Dawkins ex Lamb, 1967; Oroules, 1976; Jacksont 
1974 and Lamb, 1969). Most successful have b9en the line conversion plantings in 
franoophone Vost Africa. Line enrichment planting, on the ther hand, has boon abandoned 
in soew oountries, after having been practised for a number of years. In some cases this 
is because the techniques used were unsuocessful: but many of these failures could have 
been avoided had the general criteria for success as formulated by Dawkins (ex Lamb, 1967), 
and reproduced in Appendix A, been followed. In particular, early and complete opening of 

the overhead canopy and the use of species capable of rapid initial growth and tolerant of 
wood oomptition are neoossary (Jackson, 1974) . In ther oases the increased demand for 
forest products, especially from thinning., has made close plantations more attractive than 
line plantings. On the whole the tendency is to change from line planting. to more intensive 
forms of forest management, such as cleose plantations or taungya plantations. Line planting, 
however, ir still used extensively in as countries and remains under study in a number of 
others. It can still be of great value in regenerating exploited forests when more 
intensive management is uneoonomio or where natural forest conditions must be maintained to 
proteat the envirnment. 
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In the British Sol*os Islands Protectorate, for example, line planting has beoethe standard teohnique for large-socale reforostatio- of cut-ever native forests (Jackson,1974)o Lines are out 3 a wide at 13 a intervals and the plants are epaood 3.6 	a along theI ine. All stew in the remaining overwoed larger than about 5 an diameter which oannot befelled oooncmioally with a sohet are 	frill-poisoned with sodium arsenito two months otterplanting. The first two line oloeningo are don* to ground level at 2 - 3 month intervals.Subsequant olenings are to knee at 3done height - 4 noth intervals during the first 18months. Thereafter climber cutting in praotised as required. In 1970 labour requirement@,exoluding supervision, were 55 man-days/ha, broken dew as follow: 

Operation Nan-d am/ha 

Site preparation (line olearing, poisoning,
regeneration reads) 19 

Planting and plant production 11 

Tending (cleaning, oliuber outting, bomnda-y 
aintenanoe) for three years 25 

Release Olearinx for Underplenting 

This method may well be considered an an extension of, or deriving from, the
 
luropean syorom of shelterweod regeneration. It ham applioation particularly 
wheres 

1) the species to be introduced needs (or tolerates) overhead shelter 
in the earlier years after planting, 

2) 	 the existing forest ontains a relatively high number of large,undesirable stems whoese removal would be unduly costly or 
difficult, or 

3) 	 the existing forest contains a number of valuable timber species
which it in desirable to retain, &im ofthe now planting being
either to enrich the forest with the ease species or to introdoe 
a replacement of somecrop other species. 

The 	 usual procedure is to brush or out away all the low vegetation (small ooppiceand 	trees under 10 on diameter) which is then piled and, where possible, burned, leavingthe ground ourfaco more or les freely asnosible for tree planting. S ae of theremaining trees am then ring-barked, leaving sufficient stems in the overweed to predoothe 	desired osaic of light and 	shade of the forest fleer. The remaining everwoodkilled off seoleo'voly by ring-barking in subsequent years, depending 	
in 

on the progress ofthe 	underplante- or-p. The ideal density of the everwood is one uhich maintainesufficient shane theo keep fer, st fleer reasonably free from weeds and coppiceregroth while letting in suffioent light for satisfactory establishment of the new
forest crop. 

Ring-barking effective carried in theis mest if out season of ortive growth.Oare should be taken to remove a oonplete band of barkt cutting through into the woodof the som to ensure that the oambium is oompletely severed. There are many speoleswhich are net killed cempletely in the first year after rine-barking and linger forseveral years before finally dying. It is becoming an increasingly oommen praotioe toring tres by chemical methods, am desoribed later in this chapter. 
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Unless the averwood stems have some commercial value, in which case they would be 
felled and extraoted through the young underplanted forest, normal practice is to leave the 
dead everwood stems to "rot on their feet"s the side branches fall off gradually when rotten 
and finally the hulk of the old trunk falls; damage to the new plantation is usually 
negligible. However, an steep slopes experienoe has shown that the trunk, when it eventually 
falls, oan roll and oause onsiderable damage to the young orop. There is also the problem 
of the danger of falling branches from the dead trees whioh makes labour reluctant to work 
in treated areas. 

One example of underplanting after release olearing, can be found in the United 
Kingdom where T a hterophylla is often planted under existing hardwood cover such as 
birch (Betula), old eak (terous), ooppioe or ash (Fraxinus). 

Stumping 

Stumping is neoessary where it is envisaged that there will be subsequent 
oultivation, often meohanized, requiring the elimination of roots. Manual stumping is the 
oldest and most common means. The work may be dune by direct or contract labour using, 
for the most part, spades, hoes, mattooks and axes. The operation involves excavation, 
cutting of roots and felling and in most instances includes removal of the whole standing 
tree at the time of stumping. The soil from around the tree is dug out; the depth and 
the width of the excavation varies with the size of tree and root system. On completion 
of excavation, the lateral roots are severed and the tree is then felled by cutting the 
taproot. In Nigeria, output varied with unit basal area: savanna with a basal area of 
9 m2/ha required an average of 65 man-days to stump one ha whereas heavier woodland at 
13 m2/ha required 123 man-days (Allan and Akwada, 1977). 

. 4j

it 

Manual stumping is an arduous and highly labour intensive task, still widely 
pratised in African savannas. (Courtesy To.G Allan) 



Disposal of Debris 

When the felled vegiptation is suffioiently done* to support 
a hot burn, it can be
burned in place without piling on windrowing. In other areas, labourers out and clear thefelled material and pile it into heap. or row clear of the planting lines where it ca beburned or left to rot. If the piled row are not burned, g" should be left at intorvalnto allow ready tosess for tending or for fire fighting. For burning, the debris is often
piled into windrows or out into billets which are heaped into tight piles and staakod
around the larger timber to facilitate ignition and burning. The burning of windrows isdesoribed further on page 21, and the subsequent operation of plantation layout is treated 
n pMges 59 and 142.
 

When olearing occurs close 
to contres of population, it may be possible to disposeof this debris as firewood, whioh is not only sound utilisation of the resoaroe but cam 
be
socially and eoonomioally benefioial to the plantation project. Opening areas to oharoalproduction is another possibility. Chamoal production allows a more complete utilisation
of the debris than fjrewood, and being lighter oan extend the economic transport distance. 

Arisilvioulture may be defined as a system combining agricultural orops and/stlivestook with growing trees, with the aim of optimising the total produation per unitarea compatible with the primary objective ad sound land use. Within this osaoept maybe inoludod the t-arm, 
or shasba, plantation system where a forest crop is raised in
combinatJ a with a temporary agrloultural crop. 
 Under this system, manual site preparationis carrie& out by cultivators who use the land for food produotion during the period when

the plantotiones are being cstablished,
 

Tiunm 
 is a Burmese word for a cultivation plot of the type of shifting,.ltivatiqn practised in the hilly evergreen forest areas. Shamba is the imishili word
for a similar clearing in savanna or forest in East Africa.
 

The a.:ungya plantation 
 system is very often developed in tropical areas where
shifting cultivation is 
 comon. Shifting cultivation is a prisit.vd but efetiveof agriculture where land is unliited. The essential foatures 
form 

are land I 1iob the
level of fertility is quiokly diminished under cultivation, 
ad where even if artificialfortiliser could be offetive the cultivators are too poor to afford them. 
Iastead of
fortilisers, a tree fallow is used to replenish fertility. 
However, wherever land islimitea in relation to an often expanding population, the oiltivation cycle is shortened,
with consequent losses in fertility, and soil degradation often ensues.
 

The development of the tra4itional taungya plantation 
system is only possible%herethere is land hung9r and industrious, landless cultivators. Unde. this system, thecultivator is allotte. an 
area of natural forest which he clear* by stumping, cutting andburning. The plot is clean cultivated with hand tools and used for the production of foodfor the cultivator and his familyl any surplus crops are sold for inceme. The plantation
tree seedlings are introduced into the agricultural crop at a stage when they will beweeded for at least a year and should readily become established when the eultivator
abandons that area for food prod-ction sad moves on to clear another tana area. 

In parts of southeast Asia, traditional taungya is used extensively to create teakplantations. 
In Thailand the system is associated with the establishmnet of forestvillag slwhereas in the Sol* water oatohment area in 
Indonesia the growing of trees iscombined with a grass fodder. 
 In Sierra Leone the cultivation of taunys agricultural
crops is limited to one year, and the trees are incorporated as soon as clearing iscompleted. In the Kenya shmba system, the cultivators were employed by the forest 
department for nine months or more per year.
 

http:prisit.vd


In Ghana muoh of the heavy debris remaining on planting sites following selective 
harvesting, manual olearing and broadoast burning of the tropioal high forest in 
utilized for oharooal production. Subsequent planting and tending is done manually. 
(Ocurtesy DeAs Haroharik) 

~ I 



A variation of the traditional tas system use extensively in ligeria (were itis called "faring for payn or "direct tanngy.') and in ahn&(s&llid 'depatental tamnas)has the following main feature. (Olawey , 1975)t 
1) The farmers employed are reoruited a wag*-paid emploees of 

the forest department. 

2) Land hunger is net a prerequisite to taunay. 

3) The forest department ons both the farm crop and the trees. 

4) There is no allocation of individual farm plot*. 

Although there are many variations of the taunaa system, Incentives have mush tUdo with partioipation; 
 the general inputs and benefits can be those ma shown in the

following table.
 

Inputs 

eneits 

Oultivators 
 Labour (in return for the 
 Income free employment 
use of land and for wages) or incentives 

Food for faily 
Cash from male of surplus 
crops
Housing, services, eduo
atin facilities and 
infrastruoture 

Forest agenoy t Land Reduced direst plantationor government Manageet tools and establishment costs 
equipment Long-tere wood production
Housing and services Reduotion in shifting
Employment cultivation 

Not all of these factors apply to every ome but they constitute a general etlineo
For the landless shifting cultivators the provision of land for food production is 
ne of
the main incentives influencing partioipation in taungya plantations. 

The origins of the taunya system lay in the desire -o displace hareful shifting
cultivation and to reduce forest plantation establishment costs. As a fore of controlledshifting cultivation, which minimlses damage to the soil by providing an effective tree
cover, the system does not cause the stress that too great a change in agrioulturalpractice could oreate for traditional oultivators. In the past, tauas has reduced thecost of plantation establishment. Nore reoently, some if not all, of these apparentsavings have been applied to forestry soeunity developmentt a in Thailand and Kenya,
ensuring that the oomnity is to some degree rooompensed for its contributions to the
system. Traditional taungya may be considered an intermediate fer of land use in the
development from shifting cultivation to either sedentary agrioulture 
or full (forest)
employment, or possibly to a mixture of seallholding and part-time employment.
 

Thi intensive oropping of taungya plots reduoes fertility of the soil, partioularly
as additional fertiliser is seldom applied and the food crops are 
in competition with the
plantation trees. 
 In Kenya, for example, trees grown in clean oultivation showed a 15
better height growth than those in a mais shamba and an 8% increase over those in ashamba (Kenya Forest Department, 1967). bean 
In mother region, Turbo, no oemparative fall ingrowth a rooerdeA in fertilised maise. 
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NMCHAIZATION AND KSCHANIZZD U OD8 

Labour can do almost al of the werk in establishing a forest plantation, and even 
on a large soale can be effioient and noonolo. In Brail, for example, olearing of the 
native forest was initially done by tractors, but high ncsts and low production led to the 
use of manual methods and now nearly all the field operations are carried out by large 
gangs of contract labour working under supervision of project authorities (Palmer, 1977). 
In other areas, however, the sheer @is* and cost of the labour force required for large
esale projoto may preolute this as a realistio possibility. Mohanistion, then, in an 
impertant alternative. 

Many of the site preparation operations described in the preoeding section@ can be 
meohanioed, and there in & range of machines and equipment available for such operations. 
The m&in object of meohanisation in plantations is to carry out selected operations 
effootively and economically by employing machines. Where operations are done stisfaot
orly and economically by manual labour, and where there is a nlentiful supply of suitable 
labour, then only those operations beyond the capability of the labour and supervisory 
servioes need be meohanized. 

It is frequently suggested that aehanisation reduces employment opr4rtunition. 
In comparing the relative merits of labour employment and aeohnisation, it is necessary 
to balance secial benefits against the cost benefits of using nore efficient alternatives. 
A soundly based, successful project, for example, whether mechanized or labour-intensive, 
will in the long term provide more permanent direct employment, and additional indirect 
employment in wood processing industries, than a non-viable undertaking. In general,
therefore, where mechanisation of larger scale plantation projects reduces costs and is a 
factor in project viability, it seldom results in jots being lost but rather inoroaeo 
employment possibilities within the economic oriteria established by management and 
planning. 

Moohanisation in the strict wen*o refers to the introduction of machines to 
supplement manpower used in carrying out el oted operations. In this publioation the 
term is used primarily to cover mobile engine powered units suoh as tractors, but it also 
includes the use of chain saws and other hand-held power units, the operation of %hiohis 
labour intensive. Use of draught animal power is treated separately. 

.1.haniasaig Prtnoiyles 

When aeohanisation is planned, there are certain basic principles uhioh require 
consideration and whion apply not only to the land preparation phase but also to the 
entire plantati.on rotation. 

In selecting machines and implements for plantations, it is essential that 
equipment should be fully suited to the operations required of it. It might, for example, 
seon beneficial to purohase a machine or equipment which is capable of carrying out a 
number of operations, but if such a oomproaise results in the selection of equipment not 
completely suited to the critical task then its real usefulness may be at slight or at 
most somewhat devalued. The concept underlines the need for trials to determine types 
of equipment best suited to and most efficient for specified operations. 

The planning of field operations should aim to maximize the effective use of 
selected machines. In plantation layout and design, large blocks offer greater 
possibilities of efficiency than sril and diffused aroa. The road and ride pattern 
should allow ready access and turning space for meohani cl equipment. To reduce the 
proportion of unproductive turning time for tractors, the planned layout should allow 
long tractor runs, preferably in two directions. 3paocg is another critical factor 
affecting the tree crope and equipment efficiency and offering a range of management 
options requiring evaluation and judgement. For example, a spacing of less than 2.8 a 
in seldom possible when normal agricultural tractore are used. 

http:plantati.on
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A major requiremnt is that every machine operator sheald be fully soopotent inthe Operation of te nashia oreoqipment in uo Poor driving end alous of quipsmateamnly roefj troartr W'ebtivity by ner* than fifty perato In man developingsemitrio whore thore In a shortage of skilled Operstors, training faoilitioo aeaeeosary if the required levels of operating @kill are to be attained For trainedoperators to maintain and Improve their work, it is noes"ry to provide finanolal orother ineentivoes based the servi eability end profomivity of the equipment used 

Orittoally ifportat in ueolisation in the provision of adequate repairanand servise argnisatim staffed by skilled porsonnel with annd replaesmte to ensure earl;*awd saared supply of speresorfeelve aintenenoo. As In the ease for operaters,in meny parts of the world there
A maohino is only of real value 

is a ae*d to provide training In repair and aiftemenee.when It sen perform its preoscribed work efficiently* 

boohenisin is a oowtly proose, end Its introdnotimn requires a olear understending that the objootives
ally. 

of the proje t are to be abiovod offiolently end eonmealo-For effotive meomageent, it is noossary to •eot tho various oohenisud aethed.or alternative methods of urrying cut partioular plantation operations. To maintainthe inewtivis for noses, meohnized operations should be organied an soundi a
oomorsial base as possible. 

In the early stages of plntation devolopment, meohenimatien can and does ooourwithout full implementation of the main requlrients discussed abovecreating problems but, of oenrseq netwithout end nsre loss in offectiveness. To comenoe large-soal.operations, howver, without due consideration of the principles outlined cn only lead
to the creation of an inefficient 
and unesenjso moohanisod enterpriso. 

Adventme end Dsadvantmos of Kehmize4 Lend Prft oratian 
The main reasmns for seleo tivoly meehaniuing lnd olearing operations generallyemser the availability of labour, offioienoy,oot oale of operation, tinelines ofopOratin and the quality of work perf rmedo 

Labour Availability 

The absenoo or shortage -)f adequate labour cma be & primary factor requiring theLntredoetion of meoheisatien. The optimum tine for earrying
preparation out moh of the lend
work is when soils arwe noitnd in many roins this ooinoides with theperiod of maximum agricultural ativity, with onsequent local and seaonal labourshorta4eo. Again amy of the lend preparation activitios entail heavy and ardnus work
and the appliotion of 
seleativo neohantsain eliminates the manual drudgery from msh
taeks. 

Oot fienoy 

Ia gnoeral, largo-ecalo land clearing oan doneby meehamised teohniques then in possible by anual 
be 

nathods. 
with greater oot officieno 

A furthor feator,parisularly in developing countries, is the tendmoy for laboar rates to isereae at afaster rate than ahino soots a trend whioh increases the comparative cost effioiencyof meoheniod mothodso Where there is lars-eoals unemployment, howover# the appliostinof shadow costs for labour sen indicate social coot bOecfits favouring labout intensive 
method,. 



Soale
 

Soale of eperatin is related to effioienoy. ?bre ae no hard and fat rules a 
to the level or scale at whioh moohmusatin should or maj be i-trodso*d Fer selected 
project* all the relevant factors have to be studied mad evaluated before my deoiimon n 
the possible timing and degre of meohnisatin is poesible. In general, for larger "ale 
projects problems of coentrol mad prodativity of labour tend to justify the intAretion 
of selective meobhamsatin. The eoonemion from inoreased usage of machines at the larger 
soale further favour eobomised development. 

Timelinss 

In plmtation develepment timeliness of operation is often eitioall fer ezample, 
late land preparation am cmase delays in subsequent operations, often with adverse offeete 
on both the plantatim orop and am cost effioienoy. Whore labour or related elements 
limit rates of production, meohmisation with its generally fast wek rates provides a 
method of aooelerating produ tivity mad cempleting operations in timely fashiLm. 

QuAlity 

As a consequence of the considerable power and weight of machines, the quality of 
meohanised land clearing tend- to be superior to that of hand labor. Meohmised stumping 
or knokdem generally removes a grester preportion of roots to a reater depth thm 
comparable manual operatison. Similarly, plough or harrow oultivation is mere effective 
then cultivation by hoe. 

oomon oenstraints to meohanisation in plantation development inoludes 

1) 	 diffioult terrain where steepness, gullies or reoky outorepe
 
proolude the effioient use of maohines
 

2) 	 the high initial cost, often in foreign currenoy, of setting
 
up a meohanised operation, together with -he high and rising
 
operating cost if fuels and oils;
 

3) 	 poor troto' servioeability due to lack of skilled personnel 

to smnge, operate and maintain equipment, often aggravated by 

a) 	 lack of spare parts, 

b) 	 buomr oratie delays in ordering or paying for parts 
or servioes, 

o) 	 poor lend olearaoe resulting in damage to oultiv
&tiesequipment in subsequent operations and/or
 

d) 	 lack of personnel incentives; 

4) 	 peer machine operation often resulting in unneesseary soil disturbanee 
or compaction detrimental to subsequent plan% growth nd 

5) 	 the opinion, often irrational, that moohanisatin omases redundanoy 
or loss of job opportunity. 
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Lad Prpaatio Operatims 

This seotion is primarily oonoerned with meohanised method. ordestruction of vegetative for the removal cover and the cultivation of soils prior to planting or•eeding. In many parts of the world, partioularly in areas with a marked dry seasonas in savanna., suooessfulsuch plantation establishment involves olean weeding in theinitial stages. Ezoept on small areas or where taungya is possible, clean weedingnooessitates a considerable .nput of mechanized cultivation. To allow effioientmechanised weeding, land should be free of all surface woody vegetation and of all rootsand stumps to the maximum iepth of penetration of the weeding inplements, which requiresthe stumping of all standing trees and the disposal of all stumps, roots and other woody
debris from the site. 

T.he main operations aret 

1) felling or stumping of natural woody vegetation by knockdown, 

2) windrowing,
 

3) oleaning up,
 

4) burning :%r disposal of debris,
 

5) laying out and
 

6) pre-planting oultivation.
 

Operations I to 4 presuppose a natural woody vegetative oover whioh has to beremoved or destroysd before plantation development oan proceed. On grassland sitesdevelopment would be initiated at operations 4, 5 or 6, with burning, when used, oonfinedto eliminating the grass cover in the dry season prior to planting. Cleaning up,burnirng and laying out aie generally manual operations, although som supplementary
meohanized inputs may be required. 

Removal of Natural Woody Oover 

There is a considerable range of meohanised land olearing teohniquesl the mainmethods are adapted to the type and density of vegetation, topography, climate andsubsequent establishment teohniques. In areas where no meohanised weeding is planned,for example, the removal of roots is opticonal, and trees oan be felled at or above ground
level. Where harrow weeding is intended, however, in 
 addition to all woody vegetation,roots and stumps should be oleared to the maximum depth of oultivation. Vegetation densityis important in that the heavier the tree cover the greater the power neoessary to removeit. It follows, therefore, that equipment and teohniques
vegetation types suoh 

will vary over a range of as thioket, woodland or rainforest. Slope and terrain place soelimit both on what may safely be oleared and how the selected teohnique will be applied.Rainfall also affeots many facets of olearing, but is most oritioal to the timingoperations. It is reoomm ened that 
of

olearing take place only when soils are moistbeoauje roots are extraote4 freely under -. 4oh conditions and because at this time treestems are full of sap and are leos liable to breakage.
 

Felling without Root Extraction
 

Neohanised 
 cutting employs orawler tractors with front-end mounted sharp bladesto out and fell trees at or near ground level. An angled and sharpened K.O. blade issuitable for shearing thicket or woodland trees up to 30 om diameter or larger;V-shaped blade is suitable for larger forest trees. 
the 
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On smaller areas or on gradients where tractors cannot be used, trose may be felled 
using a range. o' ohain sawsl for brush or thickets a portable sorub *utter is useful. 
This ioa mall oiroular saw at the end of a metal rod, powered by a small back-carried 
petrol moa.or. 

In the U.S.A. brush or thicket growth .s extensively felled using heavy rolling 
ohoppers, whioh comprise a large drum with cutting blades towed by a orawler traotor. They 
out the woody vegetation into mall pieoe and inoorporate the debris into the soil. There 
is a ran4 of mikes and types of ohoppers from iall to very large single drum types to 
multiple-drums pulled in tandem. The outting and orushing effeot can be increased by 
fillinS the drum with water. In general t unless a speed of about 8 km/hr or more is 
maintained, the drums roll over the vegetation and give inadequate ohopping. To maintain 
speed, a direot-drive power unit is required. 

The light-weight 41 ton model chopper filled with water requires a 35 to 60 drawbar 
horsepower and is effective on woody stme up to 5 om diameter. The 8 ton modal requires a 
50 to 75 hp drawbar pull and is effective oan brush to 8 om diameter. The 11 ton model 
requires 70 to 125 hp drawbar and is effective in chopping hardwood brush up to 10 cm 
dia eter. Even larger models to 16 ton requiring a 250 hp drawbar pull are available for 
dense brush and extensive areas. The size of chopper needed for a par'ioular Job is 
determined largely by the density and size of the hardwood sorub species. In trials on 
sandy so.ls in southeastern U.S.A. (Bu ns and Hebb, 1972) it was fou.4 that the 11 ton 
model was more effective titan either of the lighter types and that it kied more 
hardwoods, of all sizes and resulted in higher survival of the planted pines. Thes trials 
were limited and did not include choppers of greater weight than 16 tons. 

Fleoo Corporttion (1968) gives the following estimates of ohopping produotivitys 

Clearing Unit Output in ha per hour 

385 F'iP -1,+ 16 ft (4.9 m) chopper 1.5 to 4.1 

216 DW 2/ + 14 ft (4.3 m) ohopper 1.3 to 2.3 

52 DBP + 7 ft (2.1 m) chopper 0.7 to 1.4 

A single chopping treatment does not provide sufficient control of hardwoods, 
regardless of the size or weight of equipment used. Sprouts develop at the root collar 
and this requires a second operation. This applies to all tree cutting operations, and 

unless there is a subsequent effort to kill the stumps, ooppio or sucker regrovth will 
ooour and the woody cover will quickly re-establish itself. 

In Turkoy, an Australian made "tritter" or "land conditioner" was used to maoerate 
maquis scrub (Q;eou ooooifera, Arbutus unedo and Rrioa app.) of up to 8 cm diameter 
(Deveria, 1977). The tritter is Z towed sorub clearing machine of varying widths; that 

tested in Turkey was 1.58 m wide. It is driven from the power take-off of the towing 
tractor by V-belts and requires a 100 hp rated gear box and a speed reduction box. The 
machine breaks up the woody vegetation by the action of a flailing hamer, leaving a 
reloh of chopped vegetation on the soil. Performanoe depends on vegetation size and 
density and the forward speed of the tractor, the size of material it can deal with is 
inversely proportional to the speed. For typical maquis in Turkey an average clearing 
rate of 0.28 ha/hr was aoeved. 

j FWHP - Flywheel horsepower 

_/ DBHP - Drawbar horsepower 
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A Ocunty 4 x 4 wheel-traotor with rear-mounted tritter in used in Turkey toPulverise Maquis in preparation for ploughing. A banksman keeps watoh forboulders. (Courtesy 1... Cooling) 

Removal where Rootsare xtracted 

fri 	 mechanized stumping or knookdowm,used to push or 	 orawler tractors and matohing equipeent afepull over standing trees while extraoting the roots in the SAOe operation.A uMan objeotive in these meohanised operations is 	to minimize soil disturbanoe;therefor* none of the techniques incorporate dligging or 	scraping. 

1. 	 Sincletratortohniques
 

One of the better units for knockdown~ in a crawler
mounted application rake 	 tractor with a frontwith top pusher bar. In woodland, for example, tractormakes a pass at a standing tree by applying the pusher bar 	
the 

reach pushes tree 	 as high on bole itand the over. 	 the as willThe 	 rake is then lowered and applied to the exposed rootsystem the roots and 	main laterals are ripped out 	 of the ground and thepushed for windrowing. 	 tree My beThe traoor then reverses before advancing to thethe 	 operation is repeated. Where a larger tree 
next tree where

will not readily yield tomounted rippers are lowered into the soil and the 	
the pusher, rear 

tree in ircled to out lateral roots.&moh a tree is then usually fairly easily pushed over. 
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The front-mounted rake is suitable for light olearing and windrowing. In Turkey it 
is attached to the 0-frame of a tractor and in used for clearing and piling degraded 
oak ooppioe and similar vegetation of small diameter and large root mass. 
(Ocurtesy LN.Go Cooling) 

The system may be adapted for heavy or rain forest vegetation by oLrrying out the 
work in two phase@. First, a traotor fitted with an angled blade (a Ko.G blade without 
the knife edge in satisfactory) and hydraulic tilt rams advances through the forest 
pushing over all undergrowth and small trees. Pollowing this, when visibility has been 
improved, a tractor fitto! 4th a tree stinger advances through the area and pushes over 
all the remaining large trees. In practice, the work is usually carried out by two 
tractors working around the forest in oiroular fashion. The tractors operate indLividually, 
with the understory clearing tractor usually at lose 100 a in advance of the tree pushing 
tractor. 

A crawler tractor fitted with a hydraulically operated bulldoser was 
previously the most comonly used machine for clearing scrub. Although still used, 
especially in small ares, the bulldoser is considerably loe efficient for clearing than 
a pusher and rake. In most thicket or brush a heavy duty clearing or grubbing rake is a 
better attachment for readily extracting roots and stems. 
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A crawler tractor fitted with a tree stinger oan be used towoodland or rain forest whioh are 	
push over trees in 

too 	large for efficient olearing withunits 	 chainingor more oonventional bulldoser or angledoser blades. (Courtesy T.0. Allan) 

2. 	 Chaining teohniques
 

Chaining employs 
two 	crawler traotors with front-mountedbetween then a rear-hitohed 	 blades or rakes andheavy 90 a or longer anohor ohain.strong rooting trees, it 	
In areas with larger oris neoessary to have additional or follow-up traotor.i fittedwith a tree stinger to push over any tree holdinp up chaining progress.
 

In woodland the 
two 	orawler tractors advanoe25 	 at the s.ne steady speedm apart dragging the 	 some 15 toohain behind. The distanoe apart varies with the density oftrees; the greater the density the 	 theoloser the traotore have to operate. Thetravels along the 	 outer tractoroutside of the unoleared bush, and the 	inner traotor,the bush, advanoes parallel 15 to 25 a inside
 
is important that 

to the outer traotor and in as straight a line as possible. It
the 	tractor operators are able to see one anotherdriver mairtains the 	 and that the outersame speed as that of the inner. The tractors advanoespeed and the trailed loop 	 at a reasonable 
more 	

of the chain progresses in a meandering fashion seldomthan two trees at 	 strikingone 	 time and putting little strain on the traotors.to keep 	 It is essentialthe 	ohain moving over the ground at a reasonable paceover the trees and 	 as it is impact whioh knocksthereby loosens and 	extraots the 	root system. Thefreely over knooked-down 	 chain generally rollstrees. As the trees are knocked downg the 	main rootl.;erale - extraoted at the sam 	 system andtime. In largerthe 	direotion trees, the lateral roots extendingof 	fall are inonly partially oxtraoted, but suohripped 	 soil embeddedout 	at windrowing. roots are usuallyIf no windrowing is prescribed, back chaining ay further extractmsch roots. 
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An effioient unit for large-soale clearing of savanna woodland comprises two standard 
D-8 traotors, fitted with protective oanopy, whioh pull a heavy anchor ohain at least 
90 m long. A third tractor fitted with a tree stinger assists in pushing over large 
trees* (Courtesy Te.° Allan)
 

Anohor chains are fitted with heavy swivels near the towing tractors to prevent the 
chain from kinking. (Courtesy T.G. Allan) 



Tractor rune should be as long as possible, %& turning time isAt the end of each run, largely unproduotive.the tractor unit is turned to return on a swath imediately adjacentto the previous run. In the turning process, thi traotors reversegiving an equable share inner and outer positionsof work to the tractor operators in that the inner stationgenerally the more diffioult to operate. 
io
 

Chaining is 
 best exited for larg-eoale clearing of veodlnd or savanasvetetatien oever. typeIt is not snitable for some types of thicket, howver, where ;he trees
tend to bend under the chain asking oxtrastion difficult; 
 nor oasi it be used inforest or rain deveforest beomase visibility Is so poor as to preclude the teamwork n-ee.ar7for nooesful operation. 

The chain size depends an the truot37, power avAilable end thebut the type of vetetationlength saould be at least two end a half times the height of the tallest trees.A 5 on vud link 90 m long and weighing about 500 kg is r-'itable for light woodland.Heavier oLtr 4 ns are available for heavier bush types. 

Sptoil Conditions
 

Areas covered with a ooppioe, shrub or thicket with full root
are systems below groundoften found near oentres of population where forests have been felled for firewood.Such areas may be stumped manually or meohanically using amounted root plough. orawler tractor and rear-The root plough is a V-shaped cutting bladelaterally through the 
Aioh when dramnsuil floats at a predetrmined depth and effeotively severe allroots enoountered. Behind a 180 hp orawler trotor the implesont effectively operatesa depth of up atto 42 om. Vanes bring the severed roots to the surfacedisturbance. Proriding the cutting edge 

with minimam soil
is kept sharp, this is a most effective stumpingand subsoiling tool. It cen readily be used for olearing stumps from logged over area. 

A orawler tractor with rear-mounted root plough in effective in clearing thicketswith extensive root systems. The plough is set into the soil at a predetermineddepth where it severe the roots, which are then forced to the surface by specialvanes. (Courtesy T.O. Allan) 
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Windrowing 

Following knookdowet it is neoessary to dispose of the felled debris whioh litters 
the area. The same orawler tractors whioh were used for knookdown oan be readily fitted 
with front-mountod. rakes for meohanised wirtdrowing and under some oonditions heavy heeled 
tractors may be used. On level terrain the heaps may 1e linear and parallel, while on 
elopes they may be sited on the oontour. Windrowing may be done at any time during the 
year. In woodland it is oonvenient to mite windrow, 50 m apart. In this operation the 
front-end rake is lowered to ground level and all debris over & pass 25 m long and at 
right angles %o the windrow is pushed onto the heap. The tractor then reverse* 25 m and 
the raking process is repeated. This pushing of debris in then repeated from the other 
side of the windrow, leaving some 50 m between linear heaps. It is important to pack the 
windrows tightly and to inolude as little soil as possible. To allow acoess, 5 M gaps 
should be left in the windrows at 100 to 200 m intervals. In heavy forest with *rtnaive 
debris, windrows might be only 25 m apart. 

An alternativ, method of windrowing is to pile the debris around felled larger 
trees. This gives an irregular pattern of heaps and tends to take marginally longer than 
linear windrowing. 

The general equipment for windrowing is a heavy track or wheel tractor, preferably 
with power-shift oontrol and with a front-ounted rake. The reinforoed tooth of the rake 
are set into the soil and in pushing forward most surface and some sub-surface woody 
vegetation is pioked up while most of the soil falls between the rake tooth or tines, but 
even wi.n -areful operation, some topsoil is swept up with the woody debris and is 
deposited in or near the windrows. 

i,
 
...
 

A front-end rake mounted to a orawler tractor is used in the Ivory Coast to windrow 
rain forest debris following knookdown. (Courtesy T.O. Allan) 
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This front-mounted rake is a useful attachment for removing rocks and roots and 
for piling heavy brush. (Courtesy T.O. Allan) 

Cleaning Up 

No matter how well knockdown and windrowing have been oarried out, there is usually
some debris or stumps remaining in the cleared area. Stumps loft in the ground should be
pegged or marked. 
Where there in not a great deal to clean up the usual praotioe is to usemanual labour to gather the residual debris and put it in heaps or windrows and to deal
likewise with any stumps it is necesuary to excavate. Where there is extensive cleaningup, the operation may be meohanised using crawler tractors with rear or front mounted stump extraotore or rakes. If there are holes where stumps have been exoavated, these
 
require filling and levelling.
 

Burning of Windrows 

When windrows or heaps have dried out, they should be burnt when conditions aresuitable. The ain should be to burn as late in the dry season as possible. This may requireprotecting the heaps Prom inocomplete accidental burning earlier in the dry season. Inrain forest 
areas where dry periods are short, it may be neoessary to supplement or

intensify the burn with oil fuel, and even then it may prove difficult to obtain a
satisfactory total burn. The objeot is to have as fierce a fire as posible, and for this
burning should take place during the day, preferably when there is a wind. 
The fire should
be lit on the windward side of the windrow, where it will develop its own draught. When
burning ;.,inoomplete it is advisable to have a orawler tractor with mounted rake standing
by for reptling. When the fire has lost its main intensity, smouldering logs and stumpsshould be reviled to maintain the concentration of heat and combustible material. 
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Land Clearins Produotivity and Choioe of Equipment 

Productivity data forms the basis of planning and seleotion of land clearing 
methods. Any general rate or oost of land olearing per heortare is of little value unless 
it is related o vegetation density and traotor power. Basal area of woody plants 
expressed as m2/ha gives a reasonable assessment of forest density (although a factor may 
have to be applied for major height differnoes). Work in Nigeria (Allan, 1977) shove 
that: 

1) in light savanna 4f 9 m2/ha basal area, ohaining produotivity vas 
5.5 ha/hr for a olearing unit consisting of two 180 hp tractors; 
single tractor knookdown and windroving using a 65 hp crawler 
tractor were 
stumping and 

0.48 ha/hr and 0.49 ha/hr respeotively; while 
piling imployed 69 man-days and 63 man-days/ha 

hand

respeotively; 

2) in heavier savanna of 13 m2/ha basal area, ohaining productivity 
was 2.8 ha/hr using a clearing unit oonsisting of three 180 hp 
tractors (two for chaining and 
a stinger); windroving using a 

one for follow-up knookdown with 
180 hp orawler was 0.57 ha/hr while 

hand stumping and piling employed 134 man-dyas and 99 man-days/ha 
respeotively.
 

This gives an indication of the range of produotivities and of the type of options 
open to management. Translating these produotivities into oosts and taking manual 
operations as 100D%, ohainin costs in Nigerian savanna are of the order of 5%, single 
tractor knookdown around 10% and meohanised vindrowing loss than 12%. Similar data may be 
determined by trial for any plantation project. In Brazilian oerrado, the produotivity of 
a chaining unit consisting of two 160 hp crawler tractors varied with woodland density 
from 0.5 to 8 ha/hr (Terlnoio da Silva and Lourenoo, 1977). 

In rain forest in the Ivory Coast, the average tractor hours/ha for clearing 
using 180 to 220 hp heavy crawler tractors was 8 to 12; the lower figure was apportioned 
as 3 hours knookdown, 3 hours windroving and 2 hours oleaning up (Allan, 1973a). No basal 
area figures were available. 

In selecting methods of land clearing, the management options are manual, single 
tractor technique, chaining or a combination of these techniques. If one of the major 
objectives of the project is employment, then all of the clearing operations could be 
manual, whereas if minimizing cost is considered critical then meohanisation m" be 
preferred. Unfortunately, deciding among the options available is seldom as simple or 
clear out as this. The first requirement is to determine the availability of resources. 
In relation to labour, are the required numbers available as and when required? For 
mohanisod operations some of the essential considerations ares 

1) 	 pact experience in meohanised workl 

2) 	 availability of equipment in the area or looality; 

3) 	 effioieoy of the available equipment for the required operations; 

4) 	 availability of operators of the required skill and 

5) 	 existenoe of the required infrartruoturo, or possibility of 
establishing it readily. 
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Decisions require local data and local inforution. Scale of operation willgreatly affeot seleotion. Small-scale projects are sort readily dealt with by manualoloaring, while for large-soale projefte meohanization is usually more economic andeffioient. Small-soale projects usually do not lend themselves to meohanization beoaueethey do not allow for tractors to be operated for long enough period* to be oowt efficient.For example, in general & mechanized land olearing unit oan only be justified if theindividual traotors can operate somewhere in the region of 1 250 hours or more per annum.Although there are no hard and fast rules relative to scale something of the order of4 000 ha/annum on a sustained basis would oertainly constitute large scale. Suchprorme could well abe made up of a number of smaller areas or projects, or of combined
foretr, and agricultural programes. 

A chaining unit consisting of four 180 hp tractors and equipped with ohain, rakes,tree stingers, root ploughs and other necessary equipment could deal with the following
annual scale of work:
 

1) knookdown - 4 
 000 to 6 000 ha during a 4 month. wet season;
 

2) windrow - 5 000 to 6 000 ha during a 6 months dry season and
 

3) major verhual, mal onne ad repairs - 2 monthe.
 

hay time not used a above could be used for oaltivation, road makin 
 or other capital
work. 

Conoerning selection of equipment, there is a considerable range of crawlertr torsl the essential is to choose that model

operationse. or models best wited to the planned
Land clearing on be dangerous and all tractors should have heavy duty cabs
and other protection features. 
 In the bush, bees and other insecte can cause problem.and protection against then ma be requiresd
 

The main tractor attachments for land clearing are as followas
 

tree stinger, root plough,front-end rake, anchor chain,
combined rake and pusher bar or tree boom, rolling chopper,
bulldoser blade, stumpers,[.0. blade, towed root rake,
V-type blade, land conditioner.
 
rippers,
 

Selection of tractors and matohing equipment is an important management decision.The careful matching of machines and equipment to local conditions, for example, can easilyeffect savings of more than 50% of total mechanisation oost, as compard to the use of loe
suited or poorly matched maohinery. 

Serviceability is also a principal oriteriol, and that local agency providing thebetter back-up service and supply of sparse should be given preferential consideration.All attachments mast be matched to the power units held. An there is a considerable rangeof equipmet, specifications need to be carefully compiled and it is often advisable to
obtain specialist advice. 

Plantation Layout 

Laying out is an operation in which oampartmente, block., roads, rides and firebreaks are surveyed and delineated on the ground. As the design of plantation layout isa major planning consideration it is aleo discussed in Chapter 6. The main mechanizedaspects of the operation are the cultivation of firebreaks and the formation, draining and 
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paving of roads. Pirebreaks are readily cultivated using the same orawler tractors and 
heavy offset disc harrow ploughs as for pioneer ploughing. The land clearing crawler 
tractors with bulldozer blades san be used for putting in road lines and outs, and suah 
lines when provided ith bridges and aulverts will serve as class 3 roads or planting 
tracks. Road formation and the provision of all-weather surfacing of the higher 
speoifistion alass 1 %-. 2 roads wil require additional meohanisation in the for= of 
road graders, front-enu lo6ders and tipper truaks. More aomplete notes on the establishment 
of plantation roads are given in Appendix B. 

Meohanized Pro-planting Cultivation 

The main purpose of removing roots and woody debris from selected sites is to 
allow soil cultivation before and after planting. %.ohclearing and cultivation creates 
site conditions particularly favourable to the plantation tree crop by eliminating or 
reducing vegetative competition and by inoreasing peroolation, which can reduce the 
moisture loss from the soil. These favourable water budget features are partioularly 
important in areas of restrioted or seasonal rainfall. The need to reduce competition 
applies also on certain dense or tall grassland sites where failure to cultivate results 
in inadequate plantation establishment. 

Cultivation may be partial as in strip cultivation and ridge ploughing, total as 

in clean cultivation or supplementary a3 in ripping or subsoiling.
 

Strip Cultivation
 

Under certain site conditions where some species require only local weeding to 
allow adequate growth and development, it may be enough to cultivate only a narrow band 
(I to 2 m wide) along the planting line, suffinient to give the trees freedom from 
competition in the initial period after planting. Often this can be aohieved by the 
harrowing effect of a mechanical tree planting machine (see for example page 63). Phe 
planting stock used in these conditions must be vigorous. Ahere necessary, further 
oultivation would take the form of a supplementary manual operation. Strip cultivation 
by opening up only a part of the site may be of particular importance where there is a 
high risk of erosion. 

Strip ploughing along contour lines in gentle terrain is used extensively in 
establishing tinun patula on the Viphya Plateau in Malawi. A reversible 3-disc plough 
drawn by a 70 hp wheeled tractor is used to breakup the short montane grass cover. 
!nitial o'Itivation is to depths of less than 30 om; a subsequent harrowing improves 
the soil tilth. On shallower soils over an indurated, weathered quartzite layer, where 
plough penetration is slight, subsoiling in the direction of the planting line is 
necessary. On sites free from stones, a 1.55 m wide rotavator is sometimes used, whioh 
can cultivate to 12.5 om depth provided grass is previously burnt off. Mattook pitting 
is necessary on rougher and steeper sites, but records show that it is almost twice as 
costly as strip ploughing. 

Ridge or Turf Ploughing 

Ridge ploughing is used extensively in the United Kingdom and other upland 
temperate areas, particularly on wet soils and peatland bogs. A specialized mould-board 
plough, generally drawn by a heavy crawler tractor, is used to turn over a broad turf 
ridge creating a clean deep furrow which helps to drain the site. On difficult sites 
where the peat is deep, the furrows are spaced at intervals of 1.5 to 1.8 m. On better, 
less wet sites, furrows are spaced at 5.0 to 6.5 m apart. The turves are then manually 
out into squares which are laid out at the required plant spacing. At planting, tree 
seedlings are planted into the turves. 
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Orasland site@ of gentle terrain on the Viphya Plateau in avi are prvpaued
for planting by ploughtnj oontour strips 1.2 a vida with a meohanioal disco plough.
(Courtey D.A. Haroharik) 

Drainage of heavy wt sites in the United Kingdom can be improved by ploughing with a mould-board plough. That shown here in used with a standard pazkgate carriagetoy* by a Fiat 100 a traotor* (Courtesy D.A. Thompson) 
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On drier moorland sites, espeoially Calluna heath lands, the problem is to reduce 
shrub oompetition and soil compaction and to break the hardpan when present. Single 
furrows are made at the required plant spacing using either single mould-board plough 
or a speoial tine plough. At planting# seedlings are notohed either into the furrow 
bottom or into the side of the furrow and ridge. 

Clean Cultivation
 

Clean oultivation of the site prior to planting is required where subsequent
 
weeding is to be done meohanioally. The praatioe is oommon, for example, in regions with 
a long dry season where clean weeding is necessary in order to proven' grass from 
competing excessively with the tree crop for limited soil moisture. Clean cultivation 
often comprises two main operation.s 1) pioneer ploughing and 2) pre-planting harrowing. 

1. Pioneer ploughing 

The objeolive of pioneer ploughing is to break in the soil for the first 
time and plough in all weeds or vegetation. This is essentially a rough operation and 
the cultivation need not be to the same precision or standard as is required for 
agrioulture. The ploughing should generally be done when the soil ic moist but not 
saturated and to a depth in excess of that reached by lighter impleme4ts used in 
subsequent weeding operations; over 20 om is usually required. Penetration is often 
difficult in dry soils.
 

The operation may be effectively done by a crawler tractor with a matohed heavy

duty diso harrow plough having heavy steel discs of over 75 om diameter. This offset 
harrow plough gives a deep penetration of over 30 om under ideal conditions and, although 
it is a harrowing rather than a plough action, in practice has given adequate results for 
subsequent plantation operations. Although these heavy duty harrows are suffioiently 
strong to shatter most stumps, and can therefore be used to plough unstumped land, such 
rough operation is likely to reduce the life of the equipment and increase the cost of 
operation.
 

The heavy duty offset diso harrow plough towed by a crawler traotor is used for 
pioneer ploughing. (Courtesy T.. Allan) 
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Pioneer ploughing oan also be undertaken by a medium wheeled tractor with a mounteddiso plough. The cultivation is good, but generally to a shalloer depth than the harrow
plough. On diffioult sitee, the diso plough t less robust than the heavy harrow. 

On sloping ground in Turkey, the Clark double mouldboard tine plough is used for
pioneer ploughing on the contour (Deveria, 1977). This subsoiling plough produoce & moundand furrow effeot, with a downside mound approximately 1.5 m wide and 0.5 m high and theupside trenoh 0.3 a deep and 0.5 m wide. 
 The trench has a subsoiling groove extending for
& further 0.3 m depth. 

2. Pre-planting harrowing
 

Pre-planting harrowing usually takes place just prior to planting.objective is to breakup 
The

soil clods and create a tilth, to level the soil surface, to buryany weed growth and to have the land in a clean state for planting. Land free of woeds,
with friable soil cultivated to at least 15 
om considerably facilitates planting and
subsequent mechanized weeding. 
The operation is generally undertaken by a medium wheeledtractor with a mounted agricultural type disc harrow. The operation should be 
in the samedireotion ae ploaghing. If justified by the quantity of work, a wide heavy duty disoharrow nay be used speoificlly for this work, 
or alternatively, fuller use may be madesmaller weeding harrows. Cultivation may also be done by a rotavator, or rotary hoe, but 
of 

this implement requires greater skill to operate. There are also a number of lar,-'9 heavyharrows that my be used with crawler tractors, but implements such as the pulverizingharrow produce so fine a tilth that great oare is required in their use, particularly in
 
areas liable to erosion.
 

IV 
• .A
 

offset disc harrow. A wheeled tractor is a suitable power unit for this
operation. (Courtesy T.G* Allan) 



In parts of the southeastern United States and other areaa ere ther is & high 
water table during much of the year, bodding, or nndingt of the planting @it@ failitatos 
planting and results in better tree growth by improving drainage and niorosito environmt. 
The operatio. is done with a diso bedding harrow desiped to conentrate arzfaoe soil, 

litter and vegetative debris into raised beds 15 - 30 cs high and about 1.2 m wide at the 

bam. A rolling hourglaso-shaped drum with a ,entr-vouted ooultor is often used behind 
the harrow to shape and pack the bed. The site sift be sufficiently free from logging 

debris and vegetation for a wall-shaped bed to be formed. Beds should be oriented so as 
to ohannel runoff into ditches and natural water courses and, exoept in flat terrain, they 
should follow the contour. The operation is not suitable where seedlings would suffer from 
seasonal drought (Hainsest 1975 "aloer.1,al., and at 1976). 

SubsoiXinx or Riplina 

On shallow soils overlying weathered rock, on compacted soils or on soils with an 
nndrlying hardpan where root growth is restrioted, water infiltration and root penetration 
3an often be improved by subsoiling, or ripping. Tha operation involves tillage of the 

subsurface soil, without inversion, by submoiling tines or rippers mounted behind wheeled 
or crawler tractors. Sbsoilers can be either of the single-tooth or mltiple-tooth type. 
With the appropriate tractor and equipment, subsoiling to depths in axjess of one metre 
is possible, but shallower operation to about 60 - 70 on is mors ,oMon. SAbsoiling 
usually follows normal ploughing, and on sloping land it should be done along the contour. 
In Cuba (Masn, 1973) it was found that subsoiling in the dry "eson gave muoh better 
lateral shattering then when carried out in wet soil and that the general effect was 
highly beneficial to subsequent planting. 

Indurated soil lars cmn be broken by subsoiling to improve water infiltration and 
seedling root penetration. The soil surfae is not turned. (Courtesy T.O. Allan) 
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Surfaoe drainage and miorosite oonditions oan be improved by usI a bedding harrowand roller to form raised beds for planting. (Courtesy T.O. Allan) 

4-: ..
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Oultivation Productivity and Choice of Equipment 

Reoorded practical data on ploughing and harrowing indicate produotivities of the
 
foil owing orders
 

Operation and Equipment 	 Output in ha/hr 

Ploughing 	 Tropical 1 Temperate 1 

65 hp wheeled tractor with mounted 
3 diso plough 0.35 to 0.40 0.46 to 0.56 

80 - 100 hp crawler tractor with
 
matched heavy duty harrow plough 0.5 to 0.75
 

Pre-planting harrowing 

65 hp wheeled tractor with 2 m 
diso harrow 0.5 to 0.9 1.0 to 1.2 

65 hp wheeled tractor with 3 m 
diso harrow 0.9 to 1.1 1.1 to 1.7 

80 - 100 hp crawler tractor with 
pulverizing harrow 	 1.0 to 1.2
 

I/ 	Figures for the tropics are based on practioal field trials in east and 
west Africa. 

2/ 	 Pigures for temperate regions are based on Culpin (1975) for agricultural 
land. 

Note: 	 Productivity is a factor of so many variables such as state of 
equipment, operator efficiency, soil type and condition that 
figures quoted are only indicative. Tropical outputs tend to 
be less beoause they refer to pioneer operations undir rough 
conditions whereas the temperate figures are based on agri
cultural practice. 

There is an extensive range of tractors and cultivation implements adequate for 
plantation oultivation; the main choice is between wheeled or crawler units. In relation 
to ploughing, wheeled tractor unite tend to be marginally more cost efficient, but heavy 
duty crawler units cultivate to greater depths and eradioate hidden roots and other movable 
obstructions. As for land clearing equipment, decisions on cultivation equipment should be 
based on local experience and knowledge and where there are gaps, data may be obtained from 
trials or from projects operating under similar conditions. 

If timeliness is considered the main factor in pre-planting cultivation, then those 
units giving the greatest productivity should be preferred. Efficiency and usage can be 
important, however, and it may be possible to reduce costs by fuller use of heavy clearing 
equipment in oultivation or by increasing the use of wheeled tractor weeding unite in the 
cultivation phase. 
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Sequenoe of Land Preparation Operations 

As already noted, olimate onsiderably affects land preparation operations. Thefollowing is an outline sequenoe of operations for an area with a 6-month dry sea on,assuming that land oleared during wetone of theseason will be planted at the beginningnext. The sequenoe san be adapted to other olimatio patterns and may even be extended overtwo years, but any longer period runs into regrowth or weed problems. 

Season Operation 

Start of rains (after 100 mm Comsnoe knookdown or ftumping.
reoorded), year 0 Windrowing, oleaning-up and 

ploughing between windrows may 
also start. 

20 days after end of raine Stop knookdown or stumping.year 0 Complete windrowing. 
Clean-up between windrows. 

Before end of dry season, year 0 Burn-off windrows. 

Beginning of rains, year I Complete ploughing.
 
Harrow prior to planting.
 

Start 
of rains (after 100 m Comenoe planting.
reoorded), year 1 Commenoe knookdowu and ploughing 

for year 2 planting area. 

DRAUGHT AND(ALS 

For small-soale plantations in light soils, trials in northern Nigeria employing
axen with matohed ploughs and spring tine harrows have indioated that suoh units oan beoperated praotioally and eoonomioally for pioneer ploughing and pro-planting harrowing(Allan, 1973b). Soh units require a large training input, however, and are seldom used
in forestry. 

1 "1
 

Cultivation using oxen with matohed ploughs and spring tine harrows is a feasible andeoonomio posonibility for small-soale plantation development on seleoted sites.
(Courtesy T.Q. Allan) 
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CHIICAL XNT1[DS 

The main use of ohemioals in site preparation is to kill grasa, shrubs, trees or 
stumps. Under oertain oonditins ohemioal applioation alone may give adequate Bit* 
preparation, but more frequently ohemioals are used in oonjunotion with or supplementary 
to other land olearing teohniques. Areas of grass, for example, may be killed by 
herbioides so that it oan be burnt off while surrounding vegetation remains green. 
Chemioals may also be used to kill regrowth following felling, stumping or ohopping. 

In addition to their use in site preparation, ohemioals are also widely used to 
control i-mede during plantation establishment. For post-planting weeding it is important 
to apply the ohemioal in suoh a way and at suoh a season as to minimize the risk of damage 
to the plantation trees. 

Various terms are used to refer to the ohemioalo used in site preparation and 
tending. A "phytooide" is a general term for any ohemioal preparation used to kill or 
inhibit the growth of plants. It inoludes "arborioides", "ailvioides" and brushkillers, 
whioh are used against trees and other woody plants t "herbioides", whioh triotly speaking 
are used against herbs, and "fungicides", whioh are direoted against fungi. The term 
herbioide, however, is now in oommon usage to refer to all ohemioal subtanceo used for 
killing plants, eppeoially weeds, regardless of whether they are herbaoeous or woody, and 
in used in this sense in this publication. 

Herbicides are usually marketed under proprietory names, and the same ohemloal 
oompound may have different names in different parts of the world. Soe are toxio to all 
vegetation while others are seleotive, for example, affeoting only diotyledonous plants, 
only grasses, or only oertain genera. 

Herbioides aot in the following ways in killing plants: 

1) 	 The "oontat" herbioides poison the parts of the plants omaing in 
oontact with the ohemioal. 

2) 	 The "translooation" ohemioals are absorbed either through roots, 
foliage or stems and are tranlooated via the xylem or phloem. 

3) 	 The "soil aotinc" or pre-emergenoe ohemioals are toxio in the
 
soil to germinating seeds.
 

4) 	 The "total" wedkillers, like sodium ohlorate, kill all vegetation 
when applied to the soil. The soil remains poisoned for several 
months after applioation. 

The effectiveness of herbioides is dependent on a number of variables suoh as 
season of applioation, plant speoies and size, forest struature, soil moisture and weather. 
Herbioide applioations made during the growing season are generally more suooessful. Late 
spring or early sumer when root reserves are low are partioularly favourable periods. In 
general, large trees are harder to kill than small ones, and the more vigorous the tree 
the more difficult it is to kill. Trees under one year old are particularly susoeptible 
to herbioides. Forest stands of two or more levels will require either two different 
treatments or two applioations of the same treatment, and particularly denee stands may 
preolude the suooeosful use of herbicides. Soil moisture hab an effeot on the suooess of
 

translooated herbicides. Although a low or deficient supply of soil water does not affect 
absorption, it can hinder translooation in hardwoods. Rainfall can have adverse effects 
by washing off sprays from bark and foliage, and high winds make broadcast applioations 
ineffeotive or spotty. Moderately warm cemperatures and high humidity are considered 
favourable oonditions for spraying, but high temperatures can physioally effect the 
herbioide, as even low volatile esters start to volatilize above 320C. These represent 
only a few of the possible variants affeting herbioide applioation. 
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In some countries considerable work has been done on the types and usesherbioideg ofand rates and methods of applioatien can betypes. In many 
laid down for specific vegetativeother areas work is at the experimental stagein and maoh remains to be donedeveloping optima. and safe techniques. As a consequence of the many variables inherbicide application and the toxic side-effeots of many of the chemicals, there is
obvious need for detailed study and researoh before 

an
 
applying such techniques in new areas.A useful "Review of the Eoological Effect of Herbioide UsAge in Forestry" has been compiledby XKimine (1975) which contains an extensive list of references. 

Principal Herbicides Used in Forestry
 

The following sections give a 
summary description of the main herbicides whichhave found application in forestry. The list is far from complete; for acomprehensive account moreof the type of herbicides and more detailed information on theiruse, the reader should consult one of many weed control handbooks, such as Crafts (1975),
Fryer and evans (1970) and Fryer and Makepeaoe (1972).
 
Herbicides for the Control of Woody and _Hrbaoeous Weeds
 

2.4.5- (2.4e-trichlorophenogaoetio acid)
 

This is a tranalocation herbioide, partioularly effective
species* against woody broadleavedMoet conifers are resistant in the dormant 
season, but se species such as thelarohes and some pines (e.g. Pinue radiata) are susceptible. 

Various forms of 2,4,5-T are available; most common are the:unformulated esters and 3) 
1) amine salts, 2)formulated or emulsifiable esters). The amines come in liquidform and are available as either waterlated esters or oil soluble for foliar sprayng. The unforsare suitable for use only in oil (itself toxic to trees) hioh restrictstheir use to the control of vegetation beforeapplications to stumps, 

the forest crop is planted, or tostems and frill girdles. 
The formulated or emulsifiable 2,4,5-?esters are prepared for emuloifioation in water. These Pre normally diluted in water for
spraying and, though more expensive, have a more widespread use. 

Most of the comon broadleaved woody species,
susceptible to 2,4,5--T foliar opraying, 
in all climatic regionst are
 

some mcre than others, and this has become onethe most widely tried and used herbicides. In the temperate sones, the genera most 
of 

susceptible are Alnus, Assoulus, aoer, Betula, Corylust Car inus, Populus, Prunus, Salix,Sambiaus and Ule--leiotant genera are!i L~srmad oosd~c aru p.though partially resistant 
a to foliar oprays1 oan be controlled by bark spraying. Oftenrelated phenoxy herbicide called silvex 2(2t45-triohlorophanoxy) propionio acid, ismore effective than 2,4,5-T in controlling certain woody planto, particularly oaks. 

In the United States 2,4,95-T has been used extensively for site preparation andfor weeding. Rates of application are in the order oft 

Method Application Rate
 

Foli ag says
M 2.5 to 5.0 kg acid equivalent (a*..) 
per haShoot sprays 5 to 7.5 kg a.e. per ha 

Basal barkand out 6 to 8 kg a.e. per 450 litre ofstump treaentse oil 

In Autralia 2t4#5-T has been reported as effective in controlling eucalypt coppioe
regrowth in pine plantations. 
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2.4-D (2.4-diohlorophenzymoetio aoid) 

This is a translooation herbioid. useful for the oontrol of a wide variety of 
broadleaved herbsense weds. It is available in the same forms as 2,495-T. In forestry, 
2,4-D has found a partioular use in eliminating heathers (e.g. speoie. of Oalluna, Brioa 
and %hbus). For this purpose, the low volatile conyl ester of 2,4-D oonta3n300 g aoid 
per litre is suitable; prepared for emulsifioation in water it oan be used as a foliar 
spray. Young oconifer plants are susceptible to damage by 2,4-D in the growing season. 
The amine salt forculation is used undiluted for applioation to outs ade in the bark of 
treee. 

The oombination of 2,4-D and 2,4,5-T emulsifiable esters forms a dual purpose 
spray for the oontrol of broadleaved vegetation oontaining both woody and herbaoeous 
speoies. Applioationo are usually in the region of 2 to 5 kg/ha a.e., but dLifficult or 
persistent speoies may require speoial heavy applioations. 

Ammonium Sulpham..at ("'*.!: or Mnte) 

This is a highly soluble, oryatalline chemioal whioh kills many woody speoies. 
Its main use is for applioation to out stumps or the stems of 2.4,5-T resistant speoies. 
A solution of 400 g of AMS per litre of water is normally used, but the applioation of 
small amounts of the shemical in orystalline form direot to the frechly out stump or 
frill-girdle is also effeotive. It can also be applied as a foliar spray. Areas sprayed 
or misted with MKS should not be planted until 12 weeks have elapsed after treatment. 

This chemioal rapidly oorrodes all metal and should therefore be stored only in 

plastio oontainers; spraying equipent should be thoroughly oleaned imdiately after use. 

Sodium Arsenite 

This highly toxio ohemioal has found wide use throughout the tropios for frill
girdling unwanted stems whioh are too large to be eoonomioally out and removed. Frill
girlding with sodlum ar'senite is standard praotioe, partioularly in the method of line
planting in tropioal rain forest areas. In the Solomon Islands, for example, this method 
is normally used to poison over-wood stema, %sing an average of 170 g of sodium arenite 
per ha. Ito great maalian toxioity, however, oonstitutes a serious risk for personnel 
handling it, and in many oountries its use at a herbioide is prohibited. It is dangerous 
to cattle or game, due to its attracrion as a salt lick. 

Pent ahiorophenol (PCP 

This ohemioal has been used in Papua New Cuinea, (obtainable a a 15% oonentrate) 
for foliage sprays killing annual broadleaved and grass woeds both in nurseries and in the 
field.
 

Pioloram (4-animo-3.5.6-triohloropioalinio aoid) 

Pioloram, or tordon, is a postemergenoe, translooated herbioide extremely 
effective against woody plants and particularly useful in preventing ooppioe growth. 
Most grasses are tolerant. It has been used in southwestern Australia for killing 
euoalypt growth in plantations of Pinus radiata, whioh is less susoeptible to pioloram 
than to 2,4,-T. It is also used in oontrolling brush along rights-of-way, roadsides 
and firebreaks and oan be obtained as a water-soluble aterial for aerial applioation or 
in pellets for hand or maohine applioation. 
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Triasino s 

The triaxines, including simasine and atrazino, aot on emerging seedlings by
interfering with prooesses associated with photosynthesis. 
An they lack phloem mobility,
they are applied to the soil where they are readily absorbed by roots and transloostod to
the foliage via the xylem. They are generally most effeotive with good soil preparation.
 
Atrasine is probably the triazine of widest agrioultural use. In forestry it isused as a preemerg noe herbioide in nurseries and plantations. 

Simasine is also a preemergenoe herbioids but is more persistent in soils than
atrazine. Usually marketed as a wettable powder oontaining 50%or 80% eimasine, it isgenerally applied to the soil before planting. In the United States eimazine has beensucoessful in oontrolling grass and herbaceous weeds when sprayed along the planting linesinearly spring prior to planting with Soots pine. It is,however, most widely used in
forest nurseries for weed control in transplant beds.
 

Sodium Chlorate
 

Thi, is a 
"total" herbioide applied to the soil for killing perennial vegetation
on roads t tracks and firebreaks and in depots and store yards eto. The soil remainseffectively poisoned for many months, and in the case of some species for a year or more. 
Herbioides Speoifioally for the Control ofGrasses 

Competition by perennial grasses inyoung plantations is a widespread problem,often retarding crop growth and giving rise to high weeding costs. Two ohemioal sprayshave so far proved satisfaOrtory dalapon and paraquat. 

alMapon is a 
translo ated herbioide affecting only monocatyledons. Sow grass
speoies are more susoeptible than others: &Moutiat Dgeohampsia, Xolinja and Narduopeoes are very sensitive, Agropyror, and Holous species less so. For pre-plantingcontrol of grassy sites, a solution of 8 *o 17 kg dalapon in 350  450 litres of water
per ha is sprayed not more than six weeks and not less than three weeks before planting.This enables the crop to be planted into newly killed grass. 

In planted areas dalapon can be effeotive in controlling grass between the rows
of young conifers at an application rate of 11 kg dalapon per ha without damage to the
oonifere, provided that spraying is restricted to periods when the trees are dormant.Control spraying should be repeated at intervals depending on the vigour of the regrowth. 
Wapon is one of the few ohemioals which can be used to control monoootyledonous
water plants in ditches, water courses and ponds without endangering fish or other forms
of life in the water. Its effectiveness against weds, sedges and rushes in wet sites isoften improved by mixing with 2,2,3-triohloroproprionio acid. 

Paraauat(Oramozono)
 

This is one 
of the dipyridylium group of ohemioals and acts by translooation. It
is quickly absorbed and is extremely rapid in action against nearly all green growth.Paraquat in particularly effective in killing annual grasses and fibrous-rooted orstoloniferous species. It can defoliate woody speoies, but rarely kills them,is mainly confined to sites where grass so its use or herbaceous weeds are troublesome. The chemicalis generally inactivated on contact with the soil so planting can follow shortly after 
spray treatment. 
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Paraquat can be used in young plantations, provided that the plants are well 
soreened from the spray. It is most effeotive in early spring before weed growth has 
grown taller than about 20 - 25 om. 

The rate of application is normally at 11 litres of gramoxone in 550 litres of 
dater per heotare treated. The chemioal is highly poisonous and requires oars in handling. 

Methods of Herbioide Application 

The main methods of applying herbicides are by apparatus carried by an operator, 
by machine powered equipment or by aerial application. The most comon equipment consists 
of a range of knapsack sprayers, which are carried on the operator's back and, employing 
compression, emit a fine spray through a jet. The direotion, timing and type of spray 
droplets can be controlled by the operator. Other related types of applicators inolude 
motorized knapsack mist blowers for low volume applioation of liquids and a similar item 
designed for applying granular herbicides. 

Ultra low volume (U.L.V.) sprays are a more recent development which spread the 
herbioide by producing large numbers of relatively uniform-sized droplets whioh are 
dispersed evenly over the area by a fan, or by gravity and the natural movement of the air. 
The basic applicator oonsists of a plastic tube which sots ae battery holder and a handle 
for the applicator head. The head contains a two-tier electric powered disc onto which 
the herbicide is fed from a one litre reservoir. The disc has a serrated edge and when 
rotated at high speed (up to 6 000 revolutions per second) produces an extremely fine 
dispersal. The main advantage of the U.L.V. applicator is that the same dispersal of 
aotive ingredient can be achieved with 2 to 10 litres of concentrate as would be attained 
VLth 100 to 700 litres of diluted herbicide using conventional iprayers. In using the 
U.L.V. technique, the saving in transport of dilutent is obvious, which offers new 
opportunities in arid areas where water availability is a ocnstraint to using conventional 
spraying. The use of U.L.V. techniques Is being developed in forestry, and a range of 
investigations is beinj carried out in a number of countries. 

There are a number of tools which are used to inject herbicides into the tissues 
of undesirable trees or shrubs. Such equipment usually comprises an axe or ohisel head 
through which herbicide is injected from a reservoir when the cutting edge is applied to 
the cambium. These tools offer a more sophistioated approach to frill girdling which can 
be supplemented by spray or paint brush application of herbicide if required. 

A range of equipment for larger scale operation has been designed for tractor 
mounted or towed operation. The types of equipment are live reel sprayers, mist blowers 
and granule applicators. Work on tractor mounted U.L.V. apparatus is under research and 
developmEnt. Aerial application generally from fixed-wing airoraft, is perhaps the best 
method of covering large areas quickly. The big risk in aerial application, however, is 
drift of herbicide onto adjacent lands, water courses or crops, and this factcr severely 
limits its use. 

Many of the herbicides have harmful or irritant effects on operators if protective 
or safety measures are not taken. It is essential, therefore, that the possible effects 
of any chemical should be fully studied before use, and that any recom nded or legal 
safety measures be applied. Using any of the herbicides requires the wearing of 
proteotive clothing, often including gloves and face shields. Suoh requirements have 
limited the use of herbicide& in warm or hot climates. 
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Features of Herbicide Vegetation Control 

One of the major advantages of suocessful ohoaioal site preparationoffect can be longer lasting than that of 
is that the

other methods, and when so effeotive the problemof unwanted regrowth is dininished. In areas liable to erosion, the killed vegetation veryoften a&to aa a malchl reduoing the rate of erosion while presenting no competition to theplantation orop, but drier such deadin areas matter contributes to the fire hazard.Chemical clearing can be used in terrain too difficult for mchanized methods. Althoughchemical clearing W often be costly than othermore methods, frill-girdling and basalspraying techniques of killing unwanted stems have been developed for eoonomio use in a
number of countries. A major disadvantage is that the need 
to carry or have largequantities of dilutents available on sites has restricted the use rangeand of ordinarysprayers. Fortunately the development of ultra low volume applioatiors is likely todiminish this problem. 
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CHAPTER 2
 

DIRECT SOWING
 

GCFERAL CONSIDERATIONS 

Once the area to be afforested has been prepared, the forest crop is introduced
 
either by sowing the tree seeds directly or by planting forest nursery stock, stumps,

wildlings or cuttings. The choice of whether to sow or to plant depends on a number of
 
factors. The factors favouring the choice of direct sowing are:
 

1) 	Cost*. Direct sowing, when successful, is usually cheaper than planting:
it avoids the cost of raising nursery plants and generally is a less 
costly operation than planting. Costs can be further reduced if aerial 
seeding methods are possible, especially in areas of difficult access. 

2) 	Abundance of cheap seed. Direct seeding requirapa much greater quantities
 
of seeds to secure a reasonably full stocking than is required by

planting nursery stock. A critical factor, therefore, is the possibility
 
of procuring large quantities of seed easily, and at low oost, as is
 
often the case when local species are used.
 

3) Seeds which do not grow well in nurseries The seeds of certain species
 
(e.ge Pinus roxburghii of the Himalayas) are difficult to raise in 
nurseries, and direct sowing gives better results. Plants of most 
species suffer from the shook of being transferred from the nursery to 
the planting site, and in some oases direct sowing might give better 
results. Plants resulting from direct sowing, for example, particularly
in fine textured soils, often have better root development than nursery
grown seedlings field planted in notches where root development is often 
restricted to the plane of the planting slit.
 

4) Seeds of easily established fast-growing species, or of species growing 
on sites where competing vegetation is negligible. Direct sowing is 
preferred where seedlings grow fast enough to survive and outstrip 
competing vegetation on the site, making a prolonged period of terding 
and weeding unnecessary; otherwise the financial advantage of sowing
is lost. Direct sowing from the air has been employed very successfully 



-44

for 	seeding Pinus radiata on short grass sites in parts of New Zealand
and for various other pines in the southern U.S.A. as well as in the 
prairie provinces of Canada. In Finland direct seeding of Soots pine 
an some types of reoeitly drained peat bogs without other soil 
preparation iu a oommon practice (the wet surfaoe offers a good
germination substrate, the competing vegetation ii less abundant and 
pests and diseases are more soaroe than on mineral soil). 

5) 	 Adequate germination. The speoies selected must give reliable and 
forecastable germination under field conditions. Often species with 
large seeds are preferred beouse they give large seedlings which 
resist adverse environmental conditions better than smaller ones. 

The 	 main disadvantages of direct sowing are: 

1) 	 The relatively large quantities of seed needed to offset losses from 
seed-eating birds, rodents and inseots, as well as losses due to
 
climate, soil and competing weed growth. Other sources of seedling
loss are frost, which freezes seedlings or lifts them out of the 
ground (i.e. frost heaving), and animals that browse or trample
seedlings. Ifthe cost of obtaining seed is high, for example, when 
using imported seed, or seed of special provenances or from seed
 
orohards, or when it is difficult to obtain adequate supplies, it is 
often more economical and efficient to raise nursery stock. 

2) 	The irregular stooking, especially with broadcast sowing and, therefore, 
the less efficient use of the growing space, compared with planting
methods. Too dense stooking will require an early cleaning or reduction
 
operation. This was 	the case in New Zealand where suoh additional work

reduced much of the cost benefit of direct sowing. On the other hand, 
continuous changes in the site (e.g. soil fertility) are utilized more 
efficiently when using direct sowing. 

The eoonomies possible by sowing from the air have encouraged research into methods
of embedding the seed in pellets containing anti-pest chemicals and materials designed toaid germination. Successful developments in these fields have made direct sowing a 
commonly used and practical afforestation method in many parts of the world. Nonetheless,
the trend is towards planting whioh, though more costly, is generally more certain and 
allows greater control over the crop.
 

PRE-SOWING TREATMENT OF THE SEED 

Some seeds are ready for sowing as soon as they are colleoted from the parent tree;
others pass through a dormant stage during which the embryo completes its development.
Often a pre-treatment is used to hasten germination, or to obtain a more even germination.
The 	 types of treatment vary with the different types of dormancy of tree seeds; the main 
types of dormancy are: 

1) 	 Exogenous dormancy, connected with the properties of the
 
perioarp or the seed coat (i.e. mechanical, physical or
 
chemical);
 

2) 	Endogenous dormancy, determined by the properties of the
 
embryo or the endosperm (i.e. morphological or physiological)
 
and
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3) Combined dormancy. 

Pro-Treatment Methods for Overoomini Exogenous Dormanor
 

Soaking in Cold Water 

With a great number of species, soaking in cold water from one to several days is 
sufficient to secure germination. The improvement in germination osused by soaking in hot 
or cold water is caused by the softening of the seed coat and the ensuring of adequate 
water absorption by the living tissues. Cold soaking is used, for example, for the 
Himalayan pines and in Japan for pine and spruce seeds. When long soaking periva are 
used it is recommended that the water be changed at intervals. It is usually ituportant to 
sow the seed immediately after soaking without drying, because drying generally seriously
 
reduces the viability of the seed. An exception to this is Acacia mearnsii in southern 
Africa which is dried after hot water treatment and stored for three woeks. Also, in some 
countries teak seed is given alternate soaking and drying. 

Soaking in Hot or Boiling Water 

The seeds of many leguminous species have extremely tough outer coats which can 
delay germination for months or years after sowing unless subjected to pre-treatment by 
immersion in boiling water. Examples are Aoaoia decurrens, A. mearnsii and A. arabioa. 
The seed is immersed in two to three times its volume of boiling water where it is allowed
 
to soak until the water is cold. The gummy mucilaginous exudations from the seed coat are 
then washed off by stirring in several lots of clean water.
 

Sometimes acorns, chestnuts and similar fleshy seeds give better germination if 
scalded, that is dipped for only 15 - 30 seconds in boiling water, which kills the insects 
and grubs of-cn found on the seeds. If the scalding is prolonged above one minute, 
however, the seed may be killed. 

Acid Treatment 

Soaking in solutions of acid is used in the case of seeds with very hard seed 
coats such as Acaia nilotioa and Albizzia lebbeok. Concentrated sulphurio acid is the 
chemical most genevally used; after soaking the seed must be immediately washed in clean 
water. Tests should be made to determine the optimum period for treatment for each species, 
and even for different provenanoes, since over-exposure can easily damage the seed. 

Examples of the recommended times for soaking in acid of seeds of a few Acaia 

species are (Laurie,1974):
 

Species Time (minutes) 

A. albida 20 

A. nilotioa 60 to 80. 

A. senegal 40 

Other Treatments 

In special oases seeds are scarified, for example in revolving drums, to crack or 
pierce the outer seed coat. Sometimes the seed has to be cracked or out open, or 
partially out by hand (e.g. Pterooarpus angolensis and P. pedatus) to obtain good 
germination. Germination of Pinus lambertiana was improved by removing the seed coat and 
membrane. In some countries e.g. India and Sudan), seeds of Acacia and Prosopis species 



we 	fed to goats and 
gut 	

later collected from their droppings; the partial digestion in theis held to enhanoe germination, but 	the method has obvious difficulties in applioationand 	is now only used if acid -treatment is not 	possible. 

Pro-Treatment Methods for Overcoming Ehdogenous Dormancy
 

Stratification
 

Stratifioatiea 

or sand, so 

means the storing of seeds in a moistened mediumt for example peat.as to maintain viability and
near-freezing temperatures, the method 

overoome dormancy. If seed is stored moist inis called cold stratifioation or pre-ohilling,even if no medium is used. Stratifioation is commonly used for large, fleshy seeds,as acorns, walnuts and teak. 	 suchThe seed is usually stored in a pit or trenoh in alternativelayers with moist sand, peat, leaves or straw, and the heap is covered to keep rain off
and 	proteot from the depredations of rodents. 

Moist cold stratification is commonly used to break dormancy or improve germinationfor 	a range of pine seeds (Schubert and Adams, 1971). In this method 

1) 	The seeds are thoroughly mixed with moistened sterile river sand or

vermiculite
 

2) 	 The mixture is poured into trays or cans with bottom drainage holes
and
 

3) 	 The containers are placed in refrigerators at 0.50 to 2.00 for the 
period to break dormancy. 

The 	medium has to be kept moist through the stratification periodthe 	 iormation of moulds To minimizethe 	seed should be treated with a fungicide such as Captan beforestratification. An alternative method is to soak the seed for onedraining off the 	 or two days and, afterexcess moisture, to seal the seed200. The time required to break dormancy 
in poly hene bags for storage at 00 tois variable, for 	example Pseudotsuga menziesiitakes 40 to 150 days depending on the origin of thesome 30 days, so 	 seed and Pinus ponderosa requiredthat trials and investigations are necessary to determine optimum periodsfor 	species in selected areas.
 

In Japan a form of stratification under snow is practised to quicken thegermination of certain species (e.g. Abies saohalinensis, A. homolepis, A. firma). Aftera short wetting the seed is spread evenly-o
sand. The sand 	

a prepared site and covered-in clean riveris then covered with straw upon which a pile of snow 1.5 to 2packed. The 	 m thick issnow Is replenished from time to 	time until the spring thaw arrives and theseeds are ready for sowing.
 

Warm 
 followed by cold stratification 
number of species (e.g. 	

has been found effective for a considerableFraxinus excelsior). The seedstemperatures for one to several months, after which they 
are held at germination 

refrigerators are shifted to cold chambers orand 	held at low temperatures for an additional one to several months. 

Treatment with Chemicals
 

Chemicals, 
 such as hydro en peroxide, have beeninternal 	 found effective in breakinfdormancy in most seeds (e.g. Pseudotsuga, Abies and southern UeS.A. pines).Gibberellio acid has been shown to enhance the gormination capacity and evenstimulate meristematio growth rates, while a number of forest tree 
to 

treatment 	 seeds respond towith various organic compounds, including citric and tartaric acid.. Othertested and effective ohemior1 treatments have included potassium nitrate (I -24 hours) and red copper oxide or zinc oxide dusts.	 
4% for 



Pro-Treatment Methods for Overcoming Double Dormancy 

To overcome double dormanoy it is neoessary to treat the seed so as to make the 
seed coat permeable and induce in the embryo the changes essential for germination.
Sometimes oold stratification is suffioient, but more often hot water soaking, aoid 
treatment or soarification followed by stratifioation is necessary. Warm followed by 
cold stratifioation has also given good results in many oases. 

SEED COATING AND PELLETING 

Where seed-eating pests cause serious losses, the seed should be treated with 
inseotoides and rodent and bird repellents befors sowing. Chemicals such as arsenate 
and endrin are used against insects and rodents; arasan and anthraquinone are effective 
bird repellents and fungicides. 

The development of seeding from the air has stimulated experiments in ooating th4 
seed with hygrosoropic substances oontaining nutrients and toxic repellents. These 
artificial coatings add weight to some of the lighter seeds, thereby improving the soatt4 
pattern in aerial seeding. A ooating formulation consisting of endrin and arasan as the 
repellents, with a latex sticker to act as a bond, has been successfully used with Pinue 
palustris and P. taeda in southern U.S.A. The seedling yields in field studies oomparin 
coated seed with untreated seed were 55 t 1 for P. palustris and 12 s 1 for P. tad.a 
(Derr and Mann, 1971). Aluminium powder has been found useful as a lubricant for seed 
pellets. In East Africa Rhizootol 
protection against damping off. 

oombi is used in pelleting P. atul seed as a 

SITE PREPARATION 

In most oases, direct sowing will not be successful unless the seed is in oontaci 
with mineral soil and preferably covered by a thin layer of protecting earth. Exposure 
ef the mineral soil oan be achieved by burning or by clearing and cultivating. Controlli 
burning is an important method of site preparation for euoalypts in Australia, espeoiallZ 
in the wetter forest types and is also used extensively for aerial sowing of pines in 
southern U.S.A. 

Land clearing and cultivation prior to sowing may be done on the whole area to bt 
seeded or it may be restricted to strips or spots. On sloping land cultivating is 
generally done in bands (either continuous or interrupted) following the contour. Where 
soil erosion is a danger, it is usual to leave the native vegetation undisturbed in the 
bands between the cultivated strips. 

In Tanzania a method called "tie-ridging" has been found effective, especially 
for Cassia siamea plantations. With this method the whole area is cultivated and ridges 
are built up at intervals by hoeing. Tie-ridging is generally used on gently sloping 
land where the basins are very 6ffective in controlling surface runoff. Sowing the seed 
along the ridges has given very good results. Wherever possible the growing of a forest 
crop is combined with the raising of food crops. 

The Indian "rab" method is also used in some dryer regions of the savanna type. 
The rab method consists of piling the slash cleared from the land in windrows or heaps
and burning it when dry. The seed is sown directly on the ash after burning. The 
advantage of this method is that the burn partially sterilizes the soil, killing all 
weed growth and the surface population of termites and ants. The rows remain free of 
weeds for an appreciable period, and the ash provides a useful fertilizer for the 
seedlings. In Zambia a similar methodt called "citemene" was used, but has been 
abandoned because of problems in carrying out a timely burn over large areas and in 
protecting the young crop from fire. 
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T32ES FOR SOWING 
In general, sowing should be dame when soil oonditions are sufficiently moist andwm to permit germination to start and to promote rapid early growth of the seedlings,that is to say in the spring or at the onset of rains. Moisture and rainfall are themain oritioal factors so actual sowing dates may vary from year to year. If sowing isprescribed on a preseleoted date regardless of soil moisture, there is a risk that initialrains will be sufficient to start germination but inadequate to sustain it. The soilshould also be free of frost, but with some species higher soil temperatures are neoessary

for germination, 

In areas subject to snowfall, especially in drier regions, there are sometimesadvantages in snowsowing before the season. The seed is protected by the snow from birdsand other seed-eating animals during the winter, and germinates immediately after anewmelt when conditions are favourable, which is an advantage when onset summerthe of dryweather follows very soon after the thaw. In other oases, the seed is son immediatelyafter the snow has disappeared or sometimes on the surface of the assnow soon as the thaw
conditions have set in. 

In southern U.S.A. (Derr and Mann, 1971) sowing may be done during the spring orantumn, but best results are generally obtained from early spring sowing. In California,however, late autumn seeding offers a longer seeding period, avoids the need to stratifyand results in earlier germination in the spring. 

DIRECT SOWING METHODS 

Broadcast Sowing 

Broadcasting seed oan be done by hand, by using a tractor mounted spinner of thetype used in agriculture for spreading complete fertilizer or aerially by using aeroplanesor helicopters. Broadcast sowing is used for many species but requires much more seed per
unit area sown (two or more times the quantity used in the other methods mentioned). It
is used in circumstances where the seed supply is abundant and cheap and pre-supposes thatonly a relatively small percentage (30% or less) of the germinating seeds survive toestablishment. If germination and survival conditions are good, then broadcasting maywell result in too high a stocking of the land, requiring subsequent drastic reduction ofthe crop by hand or mechanical weeding methods. In such conditions line sowing, drillingor even spot sowing is less wasteful of seed. However, when seeding from the air isfeasible, then over-stocking with subsequent thinning out of the seedlings is sometimes
 
considered acceptable. 

In New Zealand Pinus radiata plantations have been extensively established by
aerial broadcasting, and -inCanada sowing
direct of Pinus contorta, Pinus banksiana andPioea &lauoa. partly from the air and partly by using tractor mounted seeders, is widely
used, thanks to developments in seed-coating techniques. In Canada from 150 to 450 g/haof seed is used in broadoast seeding depending on species and thethe locality of sowing. 

Broadcast seeding from the air has also been highly successful on a large scalefor sowing Pinus elliottii and other fast growing pines in the southern states of U.S.A.It is the quickest and cheapest method, an aeroplane seeding 600 hectares per day and ahelicopter up to 1 000 hectares. Broadcast seeding by mahi.e is much slower, coveringup to 35 hectares a day, while 8 hectares is about the maximum a aman could seed day. 

The possibilities of reclaiming sand dune areas by aerial seeding followed byspraying the land with a coagulating chemical to fix the blowing sand is referred to in
Chapter 4. 
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Wherever possible the seed should be covered for protection with a layer of soil 
of a depth equal to two or three times the diameter of the seed. Where the land has been 
previously clean cultivated this can be achieved by rolling the seeds in with a tractor 
drawn agricultural roller or by dragging a rounded log or baulk over the land with ropes 
or chains attached to each end and yoked to a tractor or to draft animals. Covering the 
seed has a marked effect on increasing the survival germination percentage. 

Sowing in Lines or Drills
 

Sowing in lines may be conveniently used either on clean cultivated sites or on 
land cultivated in lines or strips. The seed is sown by hand or can be drilled in with 
a modified agricultural seeding drill. Line seeding uses one-half to one-third the 
quantities of seed required for broadcasting. It is also the method best suited to sowing 
large seed. The distance apart of lines can be selected on the basis of growth rates or 
subsequent tending methods, and the spacing of seed in the line should be such as to ensure 
an adequate density of stocking. 

Hand sowing in lines is still commonly used in many countries, particularly for 
small-scale afforestation schemes. It is the only possible method on planting sites 
prepared with tied-ridges and along contour trenches and gradoni on steep slopes. Some
times a shallow furrow is daawn into which the seeds are dropped before closing the furrow 
ir. with a hoe or rake. 

VGry large seeds can be dibbled in holes made in the soil by a pointed stake. In 
Brazil the seeds of Arauoaria angustifolia are dibbled in holes 10 to 20 om deep at 
spacings of 1 to 3 m within the rows and 1 to 3 m between rows (Ntima, 1968). From one 
to three seeds are sown in each hole. A similar method is used with this species in 
Argentina, where lines are 1 m apart and within row spacing is 0.5 m. This close 
spacing requires 40 to 120 kg of seed per heotare. At year three the seedlings are 
thinned out to 2 500 plants/ha. Line seeding is also the general method used in Italy 
for Pinus pinsea plantations; 50 - 120 kg of seeds per heotare are used, and the seeds 
are buried "a finger's depth" in the soil. 

Where possible drilling with tractor drawn implements is often more timely and 
efficient than sowing by hand. A tractor and drill can seed 5 heotares a day while 25 
men would be needed to de the same work in the same period. In Canada a specially 
designed drill seeder has recently come into use which is towed by a crawler tractor 
fitted with a V-shaped dozer blade. Use of this machine allows scarification of the 
soil and seeding to be carried out in one operation. 

Spot-Sowing
 

In this method, seed is sown in relatively small cultivated patches spaced at 
regular intervals corresponding to the desired crop spacing. Spot sowing is commonly 
used for such genera as Swietenia or (melina in the tropics with 2 or 3 seeds being sown 
in each spot. 

In New South Walesp Australia, spot-sowing is the standard method of establishing 
plantations of Eucalyptus pilularis and E. grandis. The land is first cleared of 
vegetation which is later burned in situ. The seed is sown on the ground in small spots of 
20 om diameter at intervals of 2.M _2.80 m or 3 m x 3 m using a seed shaker or "pepper 
pot" container consisting of a sorew-topped jar, or a plastic container with perforated 
lid through which the seed can be shaken but will not flow freely. Sowing rates for
 
these species vary between 250 and 500 g per hectare. The same method is used for
 
sowing Eucalyptus seed in Zambia and the Congo; however in these areas it has not
 
succeeded as well as in New South Wales, where the two species are native. In general,
 
Eucalyptus app. in exotic sites are more successful if planted.
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The Panama direot seeder is a lightweight hand tool used for spot sowing directly
onto mineral roil. 
 It has a trigger dispenser and an adjustable hole size whiohallows the operator to control the number of seeds released per spot. (Courtesy
U.So Forest Service) 

The spot sowing method is oommonly used for establishing conifer plantations in
hilly regions, partioularly in some Mediterranean countries, in the Himalayas and in Japan.
In Japan the spots are about half a metre in diameter and are sown with about 50 seeds ofPinus densiflor which are covered by lightly raking over the spot.
 
Spots may take the form of rectangles which are often about 1.5 m wide and 2 
- 4 m
long, with the longer axis oriented along the oontour. These reotangular spots are cleared
of shrubby growth and cultivated with a mattook or hoe. In Italy, Pinue Pinaster and P.larioio are normally sown in this way or on continuous cultivated strips usingA-
of seeds per hectare. 15 k
The method is also used extensively in Cyprus for re-seeding burnedover forests with P. brutia,


Cedrus dsodara, 
Similar methods have been used with success for establishinggriffithii and P. roxburichii using 2.1 kg of Cedrus seed and 1.5 kgof pine seed per heotares Almost double this quantity of seed is needed for sowing alongcontinuous oontour lines. 

Another varient is "mound" or bed sowing, especially on moist sites or in poorlydrained soils, where the soil is excavated from pits and deposited in a series of small,flat-topped mounds, on which the seed is 
sown or dibbled.
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Spot sowing is sometimes used in tauna. plantations, the spots being marked by a 
stake driven into the ground so that the oullivator oan take preoautions against injuring 
the seedlings during weeding or harvesting work. 

Reploement Seeding 

Failures after seeding operations are filled by re-seeding the following year or 
by transplanting seedlings found growing in exoessive numbers in other parts of the area. 
In the case of fst-growing species, it is advisable to fill the blank spots by planting 
nursery grown plants rather than to attempt re-seeding. An essential is to determine the 
reason for any failure, in an attempt to ensure that any casual factors will not similarly 
affect any re-seeding. 
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CHAPTER 3 

PLANTING AND TENDING 

PLANTING 

The decision to afforest on a reasonably large soale should always be based on a 
series of trials or research to determine effeotive methods of establishment. Both direct 
seeding, primarily because of its possible cheapnese and planting with nursery stook 
should be considered t but planting is by far the most oommon method. 

Planting allows for regular spacing whioh favours good utilization of the site and 
facilitates subsequent tending operations and plantation management. On diffioult sites, 
particularly in dry regions, planting has proved by far the most effective method, indeed 
often the only method, of establishing plantations. It is also often the most sucoessful 
method for fertile produotive sites where competition from weed growth is fierce. When 
seed supplies are scarce or costly, nursery production and planting offer the best 
opportunity of using seed efficiently; while in circumtanoes where plants are reproduced 
vegetatively, such as hybrid poplars or speoies that produce little or no viable seed, 
there is no alternative to planting. 

The main disadvantages of planting when compared with direct sowing are the cost 
and time required to produce nursery stook, the high costs and transport problems in moving 
stock to planting sites without deterioration in their condition and the increased 
requirements in number and skill of planting teams. Unskilled or careless planting often 
results in poor survival or in root deformation that adversely affects growth and stability. 

The 	essential principles of planting are that: 

1) 	 The planting stock should be healthy and vigorous; 

2) 	 The selected trees should be suited to the planting site,
 
and such sites should be prepared to a condition favour
able for the tree crop, and
 

3) 	 Planting should be carried out in an efficient and timely
 
fashion and the seedlings should be given proper oars and
 
protection during and after the planting operation.
 

7revious Pge Ilak
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Kinds of Planting Stock 

The kind 	of planting stook used has a direct 	bearing on the planting method.main types of planting stock are bare-rooted, ball-rooted, 	
The 

potted and tubed plantst stumps,outtings and sets.
 

Bare-Root Plants
 

Bare-root plants are despatohed from the nursery after shaking the 
exoess earthfrom the 	roots, leaving only a thin layer for proteotion. The plants are tied in bundlesand proteoted from drying in transit by oovering the roots with wet moss or 	leaves or bydipping 	them in olay slurries 
paper 	

or specially prepared mixtures. The bundles areor plastio sacks, cardboard cartons eto., for despatch. 	
placed in 

Plastic 	bags or paper saokslined with plastio film have the advantage of being permeable to oarbon dioxide butimpermeable to water, thus minimizing the risk of drying.frequently used in temrperate 	
Bare-root plants are mostregions 	or in other regions where the climate has arelatively high atmospheric humidity during the planting season. 	 In temperate regions,seedlings are generally in a resting phase at the timebare-root planting. However, plants 	

of planting, and this facilitates are liable to a loss of viability, evenclimates, if the roots 	 in humidare exposed sun or wind;
covered 	

to they should, therefore, always be kepton delivery at the planting site until the time for planting out arrives. Whenever there is a possibility of
planting, the bundles should be 

a delay of more than a few hours between delivery and"heeled in" - that is to say,trenches 	 placed in specially dugand the 	roots covered in moist sand, peat or light earth. Plants that havecarefully heeled in 	 beenand kept watered can survive several days, even weeks t without damage. 
"Striplings" are large nursery plants with

leaves 	 a I to 2 m shoot which is stripped ofprior to 	despatch for planting.,

losses. 	 Such plants 

Stripping off the leaves reduces transpirationare used mainly in the tropics where browsing is a special hazard. 
"Wildings" are natural forest seedlings or root suckers which are sometimes usedfor planting when nursery stock is either too small or in short supply. They are most
often used in enrichment planting operations.
 

Ball-Rooted. Potted or Tubed Plants
 

In ball planting, the plants 
are despatohed from the nursery with their rootsenveloped in nursery soil, which protects them from drying and reduces physical damageto the roots as a consequence of lifting from nursery or transplant beds. A methoddeveloped in East Africa, for example, is to carve 
to place 	the into 

up the nursery bed into sections andseotions shallow-sided boxes, or to grow the seedlings directly inboxes. 	 At the planting site, individual seedlings the
with small blooks of soil are out fromthe box 	for planting. 

The main problem with ball planting is to prevent thefrom the 	 soil from being shaken looseroots during transit from the 	nursery to the planting site. To overcomedifferent techniques have been tried, such 	
this, 

as enclosing the bare roots of 	nursery stockin balls or blooks of specially mixed and compressed
sandy loam and peat 	

earth (usually consisting of olay,or humus in equal 	parts), or in earth-filled containers.treated 	are termed "balled-plants". In a similar method 
Stock thus 

developed in Brazil,used 	 and formerlylarge-soale, theon a potting soil is compressed by a machine to form a soil blook,called a torrao paulista, into which seed is sown. 

On a much wider soale, the problems of root exposure haveby the use of seedlings raised in some form 	
been largely overcome

of container. Plantation systems 	usingoontainer-grown stock are now 	 common in most parts of the world,exclusively in 	 and are used almostareas with a marked or long dry season. 	 Container plants haveconsiderable capacity ato withrtand limited dry periods following planting; their use 
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therefore can prolong the planting seas"on, partioularly in temperate sones and to a much 
lesser degree in harsh environments. 

Containers oan be either "pots", which have a closed bottom, preferably with
 
drainage holes, or "tubes", which have rio bottom but require a soil medium that is
 
sufficiently adhesive not to fall out when handled.
 

The use of containers made of polythene has become widespread; but prior to their 
development, various other materials such as metal, bamboo, wood veneer, banana or palm
leaves, cardboard and waterproof paper were widely used in different parts of the world. 
Although still used in some areas, mots of these are either more expensive or less 
onivenient than polythene, which has the advantages of being cheap, light and easy to 
handle and has generally proved effeotive over a wide range of conditions. The polythene
used for containers is usually 150 to 250 gauge (0.0375 to 0.0625 mm thiokness) and is 
generally black or transparent, the black being more durable. 

The size of container varies with species, age and size of stock preferred for
 
planting as well as harshness of the site. In Nigeria, for example, in areas with less
 
than 800 mm of rain, and a dry season of at least six months, pots 25 cm long by 25 cm
 
circumference are used, while in areas with over 800 mm rainfall, smaller pots 15 cm by
25 om are used, and experiments using pots 15 om x 15 cm are being actively continued. In 
Zambia tubes 15 om by 25 om were standard, but "minipots" 15 om by 15 om have been 
developed and are extensively used. The size of a container has an obvious effect on its 
weight when filled with soil. For example, in Nigeria the different sizes of pot filled 
.with soil weigh approximately: large, 1.9 kg; mediumq 1.1 kg and small, .4 kg. The work 
input and cost of transporting container seedlings increases with the size of container,
which underlines the impetus for research into the use of minipots and "tubelings". An 
objective in container planting should be to use the smallest container compatible with 
successful establishment and subsequent growth and development. 

The use of containers has occasionally caused root malformation of seedlings, with 
an adverse effect on their subsequent growth and development, and one disadvantage of 
small pots is that they may increase the chance of such malformation (Ball, 1976). When 
plants are kept too long in containers, the restriction of lateral root growth may cause 
distortion, coiling and spiralling which may later lead to basal stem snap, reduced wind
firmness and stunted growth, and in extreme cases it may result in mutual strangulation of 
roots and the death of the tree. These symptoms, however, may not always appear, or may
not become apparent until some years after planting. In Nigeria, for example, in trials 
of removal, partial removal or retention of polythene bags at the time of plantingg there 
were indications of increased mortality in four-year-old pines when bags were not removed,
but in eucalypts up to seven years old removal made little difference (FAD, 1976). To 
reduce the risk of root coiling, it is important to time nursery operations so that plants
do not become too large for their containers before out-planting; and to mitigate the 
damage from coiling it is advisable to oompletely remove the container at the time of 
planting. In addition, Ben Salem (1971), Stone (1971) and Donald (1968) recommend making 
two or three vertical incisions about 1 om deep down the length of the soil cylinder with 
a sharp instrument to cut any coiling roots. 

In recent years new types of container have been developed in North America which 
are designed to minimize root coiling (Tinus et al., 1974). The inner walls of these 
containers have vertical ribs which channel the roots to a central bottom hole. By
supporting the containers clear of the ground, emerging roots are killed back by "air 
pruning", thus encouraging growth of numerous laterals into a tapered form. The plant and 
growing medium (together called a "plug") are removed from the container at the time of 
planting and are inserted into the soil with the aid of a specially made dibble. 
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Stumps. Cuttings and Sato 

"Stump" is a term applied to large nursery stook of certain broadleaved specieswhich has been subjected to drastic pruning of both the roots shoot.and the The top isgenerally out back to about 2 and the about omam root to 22 (Parry, 1956). Stumpplanting is especially suitable for taproot dominated species and is frequently used whenestablishing teak, gmelina and a number of other important tropical genera (e.g. Afzelia,Cassia, Chlorophora, DErtandrophragma, haya, Pterooarmas,Lovoa, Terminalia, Tripioohiton,Bisohofia, Dalbergia and many Leguinosae. Stumped plants of Aoaoia cyanophylla are alsoused in arid zone drift sand stabilization plantations. During transit stumps arenormally covered with wet sacks or layers of large leaves. 

Cuttings and also commonly used assets are planting stock in reforestation programmes. A cutting is a short length cut from younga living stem or branch forpropagating, i.e. producing a whole new plant when planted in the field. A rootedcutting is one that has been rooted in the nursery prior to field planting. Seto arelong, relatively thin, stem cuttings wholeor branches, such as those sometimes used for
propagating willows.
 

Trees easily and commonly propagated by cuttings include poplars, willows and
gmelina. For 
some harder to root speoies, rooted outtings are sometimes used in reforestation to supplement scarce seed supplies and as a means of tree improvement (Brix and vanden Driessohe, 1977). Rooted cuttings of Cryptomeria japonioa, for example, are commonin Japan, and Pioea abies rooted cuttings are used in West Germany and Finland. Extensive
research on rooted cuttings is being conducted in New Zealand and Australia for Pinusradiata, in the United States for Pseudotsuga menziesii, in Nigeria for Triploohiton and

in the Congo for Eucalyptus spp.
 

Size and Quality of Planting Stock 

There is a considerable range is considered the optimum size of seedlingin what

for planting. The optimum size varies depending on: 1) whether the seedlings are bareroot or container-grown, 2) the species and 3) the characteristics of the planting site. 

It isgenerally agreed that plants with a well proportioned root/shoot ratiorepresent good planting stock, but except under detailed specified conditions it isdifficult to define an optimum root/shoot ratio. A generalized ratio based on lengthmight vary between 0.4 and 1.0, although a root/shoot weight ratio would give a moreaccurate measure of balance. Stem diameter and height are other oriteria for grading
planting stock that might allow the setting of minimum acceptable limits. In the UnitedKingdom for example, seedlings are graded by height and diameter, with bare-root conifersgenerally varying from 15 to 22 cm minimum height and from 2.5 to 4.0 mm minimum stem
diameter (Aldhous, 1972). Such plants are usually from one to four years old and may havespent one or two years in transplant beds. In the tropics plants are ready for planting atbetween 3 and 12 months. Experience and research india, +.e that medium-size stock, forexample conifers between 15 and 40 cm, with a woody rooL collar often have a better
 
survival rate than smaller plants.
 

The morphological grading of planting stock must depend to a large extent on localresearch and experience and the setting of local standards. Studies in the United Stateshave cast some doubt on the adequacy of such morphological grading as a survival index,and research is currently being directed towards the determination of physiological criteriaand in particular the capacity for rapid root development following planting (Kozlowskli,1973).
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In the case of tubed or potted stock, the maximum size for planting out is largely
determined by the size of the container. The larger the container the larger the plant 
that can be grown in it, but the period is limited to that period free of harmful root 
restriction. For eucalypts in the Sudan and Nigeria, plants are usually 20 to 30 om high
from root collar to tip. In Zambia there is a trend to smaller eucalypt plants 10 to 15 
om high, and for pines 15 to 20 cm is specified for standard tubes and 10 to 15 om for 
minipots. Very small plants may be subject to frost heaving in tviperate regions, whereas 
excessively tall plants are liable to be blown over or loosened in the ground, and root 
development may be restricted or inadequate to cope with the high transpiration demand of 
a large top. 

Planting stock should as far as possible have been hardened-off in Uhe nursery
prior to planting, but this is not always possible with fast-growing species such as 
eucalypts. 

A further factor affecting grade of stock is the state of the planting site. It 
is possible, for example, to successfully plant smaller seedlings on clean cultivated sites 
than in weed-covered uncultivated land. A high standard subsequent weeding regime can also 
compensate for smaller stock at planting. 

Timing of Planting 

In general the best time to plant is when the soil is moist and free from frost, 
when atmospheric conditions are humid and evaporation rates minimal and if possible when
 
plant shoots are in a dormant state. Dry, sunny and windy days should be avoided. In 
many of the cooler temperate regions the best plantilg time is in spring when ground 

,temperatures are above 4 - 50C In the Australian temperate regions planting is mainly
during the winter; in California it is in the late autumn, winter and early spring.
Spring planting generally limits the period suitable for planting to about one month, 
except for container plants for which the planting season may be slightly extended. 
Delays in planting which prevent taking advantage of optimum periods reduce the i'egree of 
success, and long delays may result in complete failure. 

In some moist tropical or equable climates t planting may be feasible over nuoch of 
the year, but in other regions where there are pronounced wet and dry seasons, planting
operations should coincide with the onset of the period of regular and continuous rains 
and should begin as soon as the soil has become sufficiently moist. In Zambia, for 
example, planting is started when the soil is moist to a depth of 30 cm. In East Africa 
a formula has been evolved to determine the soil moisture buildup based on daily rainfall 
and temperature readings (Griffith, 1957). Briefly, this method ascertains the daily loss 
of moisture from the soil by evaporation and a measure of the daily gain from rainfall. 
A running gain and loss account is kept, and when a certain amount of soil moisture has 
accumulated, planting is commenced. The amount has to be calculated for each planting
locality and depends on type of soil, altitude, local probability of rainfall and the tree 
species being planted. Such a procedure brings greater certainty into the decision of 
when to start planting, but still requires judgement based on a knowledge of local rainfall 
patterns. 

In many savanna areas the optimum period for planting is only one month or less. 
To achieve extensive planting programmes in such a limited period requires considerable 
planning preparation and accurate calculation of probable planting dates. In Nigeria,
for example, Kowal (1975) estimated planting dates for a number of savanna stations with 
Penman's formula based on reliable synoptic stations. By programming nursery and land 
preparation to such planning dates, it should be possible to slightly advance or delay 
planting to take advantage of actual favolArable climatic conditions occurring either side 
of the estimated datos. 

', 



-58-


The 	use of ontainer stock can extend the planting season, since the plants aremore tolerant of climatic variations, particularly dry spells, than bare-root stock.
Even in dryer regions planting oar be extended outside the normal planting season,
provided the plants are watered or irrigated until they are established. 

Plant Spacing 

As the spacing between plants varies with a number of often conflicting
requirements, the selected spacing may be a compromise between silvioultural and managerial
objectives. Close spacing, for example, may be desirable to achieve early canopy closure
with consequent suppression of weeds and reduction in the weeding period, but if soilmoisture is a limiting factor at certain times of the year a wider spacing may be required
if stagnation of the plantation due to a moistur3 deficit is to be avoided. The early
taking-over of the site by the plantation crop is not 	only of consequence in suppressingweed competition but 	 also reduces any fire hazard at a stage when the crop is particularly
vulnerable. However, while a close spacing will produce early canopy closure, it may also 
create a need for early and unsaleable thinnings. 

Some of the factors influencing the choice of planting distances are: 

1) 	 The growth rate of the species planted. Slower growing species
tend to be planted'at closer spacing than faster growing species tand for this reason spacings in the tropics tend to be greater
than in temperate regions. 

2) 	 The growth form of the species planted. Some species have a very
branchy form and need to be planted closely to promote the form
ation of a well-defined leading stem. Other species, including 
many of those from the tropics, are self-pruning and can therefore 
be planted more widely apart. 

3) 	 The hazard posed by competing weed growth. Despite the fact that 
close spacing reduces the time to canopy closure, it may well
increase the difficulties and costs of weeding. Mechanized weeding
requires a spacing between tree rows sufficiently wide to allow for 
the passage of a tractor and implement. A distance of 2.8 m
between rows is considered a minimum spacing where weeding is 
mechanized.
 

4) 	 The availability of soil nutrients and soil moisture. In shallow 
soils, or on sites with frequent rook outcrops, the spacing will 
tend to be wider allowing more room for root development or it may
be irregular to conform with the distribution of soil pockets among 
the rooks. In arid regions, soil moisture is often a limiting
factor and the general practice is to use fairly wide spacings,
especially where inter-row cultivation is practised to promote rain 
water retention.
 

5) 	 The influence of drainage or irrigation works. The layout of drains
in wet soils or of the water channels in irrigated plantations oan 
also influence the spacing of planting lines. For 	example, in
plantations on peat lands, where the are planted along ridgestrees 
turned up by drain ploughs, the spacing and the drainage pattern
have to be coordinated.
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6) 	 Future management. If it is polioy to reduoe the number of early 
and often unealeable thinnings wider spacing is recommended, as in 
the oase of some plantations of fast growing tropical oonifers 
where crown closure is delayed in the interests of promoting 
diameter growth. The oosts of high pruning the final orop stems 
is an additional debit. On the other hand, closer spacing can be 
adopted if the produotion of fuelwood, small diameter poles, or 
pulpwood is the objeot of management. In out-over tropioal high 
forest, wide spacing of planting lines coinoiding more or less 
with final crop espaoement has been adopted leaving inter-bands of 
natural regrowth, and in taungya plantations the tree crop spacing 
has to be sufficiently wide to allow the cultivator to carry out 
his cropping over a reasonable period. 

7) 	 Financial aspects. Costs for plants and labour tend to increase 
with decreasing planting distances, but on the other hand, costs of 
weeding tend to increase with wider spacing. 

Organization of Planting Operations 

General Layout 

The general layout of the entire plantation area with the planned subdivisions,
roads, rides and drains will have been delineated on the plantation maps, as noted in 
Chapter 6 on plantation planning. 

The area programmed for planting in any particular year will normally be made 
ready for planting prior to the estimated planting date. Compartments will be surveyed
and delineated by roads, rides t traoks or firebreaks. All corner and intersection points
should be marked by plainly visible, more or less permanent beacons. An essential 
feature is that there should be sufficient all weather roads in the planting area to 
allow the transport of plants and access for labour to carry out planting and subsequent
operations. Where mechanized operations, such as weedingg are planned, sufficient space
should be left for tractor turning, not necessarily at the end of each compartment but at 
that boundary which might serve as the end of weeding runs. 

Marking or Pegging for Planting 

With the possible exception of plantations on hilly ground where soil conservation 
works following the contour are neoessary, planting should wherever possible be in 
straight lines. This is mainly to facilitate weeding operations after planting, and is 
equally important whether hand, mechanical or chemical weeding is employed. Plants which 
are out of line (and often obscured in weed growth) are more liable to be out or injured
during weeding. The maintenance of straight lines is not of the same consequence where 
there is no subsequent weeding. 

Except up or down hill, straight line planting is not of course possible on sloping
ground under conditions where contour soil or water conservation works form part of the 
site preparation work. On such sites planting lines normally follow the direction of the 
contour banks, steps or ridges. 

There are many variations in marking out or pegging planting lines, but for 
straight line planting squaring is the most common. Commencing at the corner of a 
compartment and using a compass or optic square, the corners of an exact square are laid 
out and pegged. The sides of the square will be the length of the planting chain and will 
be an exact multiple of the plant spacing. Planting chains are tagged at the plant 
spacing and are generally from 30 to 80 m long. From the outer pegs of the original 
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square two base lines are laid out at right angles, placing pegs in the ground at the endof each planting chain length. Returning to the starting point, and using the chain, thecorner of other squares are sighted in from the original pegs until the entire area issquared. Adjacent compartments should have their pegging aligned to that of the first tofacilitate subsequent operations. I- is irmportant to carry out periodic checks to ensure.that the distance between pegs is being accurately maintained. Chains should be checked
for stretching during the operation. At any irregular compartment edges, with sectionsless than the participating chain length, a 
peg should be inserted at that last planting
tag which comes within the planting area. Where mechanized weeding is envisaged, the base
lines should leave a margin of 2 
m or more between the edge of the road and the planting
line to allow for weeding. Such squaring is usually adequate for subsequent pitting or
planting operations, but in
some areas the tagged planting chain is also used to peg the

plant spacing along the two opposite sides of each square.
 

Another method of marking is to use a light tractor fitted with a 
boom carrying
tines at set intervals which mark the planting lines by scratching parallel furrows inthe soil. 
When repeated at right angles the intersections mark the planting spots. 
This
method depends on the tractor driver's ability to steer a straight course on his sighting
beacon, and is only feasible on relatively level surfaces free of obstructions. Similarly,where subsoiling is carried out &uring preparation work, the planting lines correspond with
 or are close to the furrows of the subsoiler tines. 

In oases where cross cultivation or weeding by tractor and implement is prescribed
for post-planting tending work t it is important to ensure that the planting pegs are in 
straight lines in two directions.
 

Where pit planting methods are planned, pits may be dug soon after pegging out, or may be done at planting time. Where notching methods are used, it is common for theplanters to pace out planting distances as they plant, a skilled planter being able tomaintain the planting line by eye. Mistakes, however, can be made if the planter iscareless or tired, so that where inter-row tending by meohanioal means is prescribed it is
always advisable to take the trouble to peg or chain planting lines.
 

Organization of Planting Work 

The sequence of all operations preceding the actual planting must be so timedthat planting can begin immediately site conditions become suitable. 
 If, as has beennoted, the planting season is relatively short, it becomes important to ensure that
adequate supplies of planting stock are distributed at depots easily accessible to the
 
planting area.
 

The success or failure of a plantation depends to a great extent on the skill ofthe planters. If skilled men 
are not available for this work it will be advisable to

provide training before planting begins.
 

The forester or supervisor in charge should ensure deliveries of plants from thenurseries in such quantities as to keep the planting gangs fully at work. This requires
a knowledge of 1) the average labour planting rate, 2) the planting method used, 3) the
size and type of plants (bare-root or container), 4) the terrain and soil type and 5)

the skill and experience of the planters.
 

Since planting stock is liable to deterioration from exposure, the forester shouldgauge deliveries so that stock is planted during the sarae day as delivery, but usuallysome 
surplus stock has to be carried to provide for emergencies. Stock not required forimmediate planting should be protected against exposure by "heeling in" of bare-root
plants or by placing container and ball-rooted plants in depots where the plants can beshaded and watered. The roots of all plants should be kept moist. The feasibility of
treating the shoots or the roots of planting stock with chemical anti-transpirants is
under investigation and trial in many countries.
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In exoeptional oases, for example, where plants need to be delivered to the 
planting site before snows block road oommunioations, the establishment of temporary 
storage nurseries should be considered. 

The means of distribution of planting stock from the main off-loading or delivery 
point to the actual planting areas depends largely on the terrain, the transport available 
and the type of plants. Bundles of bare-rooted plants oan be oarried to the site by men,
by pack transport or by four-wheel-drive vehicles, depending on the terrain. The plants 
are subsequently colleoted by planters who refill their bags or containers from local 
depots spaced out at short intervals over each day's planting area. 

Container plants are normally despatohed from the nursery packed in wooden trays 
or boxes of standard dimensions conveniently handled and carried by one worker. The 
number of plants per container may also be oonveniently matohed to the number of plans
required between squaring pegs. The trays are loaded on tractor trailers for transport 
to the planting areas or, in very steep terrain where animal transport is used, on 
specially designed saddles. The trays are off-loaded at intervals along the planting
lines ahead of the planting gangs. The carrying capacity of lorries and trailers is 
greatly increased if the lorries and trailers are fitted with shelving allowing trays to 
be stacked in tiers. 

Multi-level traotor trailers of various sizes can be constructed for 
transporting tree seedlings from the nursery to the planting sites. The 
trailer of limited capacity shown here is suitable for planting small areas 
near the nursery and for replacement planting; for more extensive areas, 
reater transport efficiency can be attained by using larger trailers. 
Courtesy D.A. Haroharik) 
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Planting Methods 

Proper attention to detail in ,lanting is often of greater importance than themethod itself. It has been indicated (Wakely, 1954) that depth of planting and proper
olosure of the planting hole are the more critical factors affecting survival. 

Hand Planting 

The two main manual techniques are notching and pit planting. Notching is used
only with bare-root plants. In its simplest form it consists of cutting a slit in the
ground with a spade or mattock, opening the slit wide enough to insert the 
roots of the
plant, and finally closing the slit by pressing with the foot or heel. Variations consistof the T notch and the + notch. Both require a double slit, which takes longer unless aspecial tool is used, but the plant roots can be better spread than in the simple notchwhich tends to set the roots in one plane. When planting on turf or peat ridges andmounds, the slit should penetrate the ridge only as far as the original surface of the
ground, as experience indicated that survival rates are less satisfactory if the roots 
are set deeper than this. 

Dibbling is a variant of notching in which a planting bar or dibbling stick isdriven into the ground creating a slit into which the plant is inserted and firmed bydriving the bar into the ground beside the plant and levering the soil lightly against
the plant. Dibbling is used for planting bare-root stock, unrooted outtings, sets and 
sometimes for stump plants. 

c:'. Ball-rooted or container stock can only be planted in pits. Pits are very oftenoi much greater dimensions than the ball or container. It has been suggested that largerpits may have beneficial results in unoultivated sites as this provides a greater zone
for early root penetration. In general, however, a pit that will readily accommodate the 
seedling roots is adequate. 

For container-raised seedlings, manual digging of the planting hole is the 
standard technique. A hoe, such as that shown here in use near Ain Beida,
Algeria, is a suitable tool. (FAO photo) 
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Pits are usually dug with types of spade or a broad-bladed mattook, the top soil 
being kept separate from the subsoil, so that it can be filled in first at the time of 
planting. In some countries pits are excavated some months before planting to allow the 
spoil as well as the exposed sides of the pit to be moistened by rainfall. On sites that 
have been already ploughed this is not so neoessary, and the digging of pits is then 
carried out just ahead of or at the time of planting. 

Pits can also be dug by power-driven borers or augers. These are either hand
carried or traotor-mounted; the latter are driven from the power takeoff. Tractor
mounted augers can dig about 10 times faster than a man, but their operation is 
restricted to flat areas, and they are costly to operate. Tractor-mounted borers are, 
however, very suitable for planting poplars and similar tall stock, for which deep holes 
(0.5 m or more) are needed. One disadvantage of mechanized borers is the danger of 
glazing or compacting the sides of the planting pits. 

All types of planting stock can be planted in pits. When bare-root stock is used 
the plant is held in the pit so that it will be set at about the same depth or not more 
than 3 am deeper than it grew in the nursery, and the roots are spread out freely. Using 
the other hand, half of the pit is filled and packed with moist soil. The remainder of 
the pit is then filled, packed and consolidated. At the end of the Olpration the soil in 
the pit should be level or slightly higher than the surface of the ground to allow for the 
earth sinking after rain or watering. For this reason it is usual to bury the root collar 
a few oentimetres, so that after consolidation it remains at or near the surface of the 
ground. If the root collar is exposed, survival may be jeopardized. In dry regions it is 
usual not to fill the pit to ground level so that a depression is left to collect rain 
water or dew, but in heavy soils with low percolation rates, such depressions can retain 
water for several weeks, causing localized waterlogging resulting in the death of the 
plant.
 

Deep-planting, whereby the plant is almost completely buried, leaving only the ti 
of the shoot exposed, is practised in arid regions on driftsand or loose textured soils 
where the top layers of the soil are liable to dry out completely during the summer. Such 
soils frequently have a moist layer below the capillary lift zone (the layer to which
 
ground water is lifted by capillary forces), into which the roots must be planted. 

When planting container stock, a pit just slightly larger than the container is 
made with a trowel, dibbler or mattock. It is usually necessary to remove the plant from 
the container, or to slit or out it before planting. For full removal of a polythene pot, 
a knife or razor is used to slit the pot, the bottom is torn off and the remaining tube is 
slipped off as the seedling is placed in the pit. Partial removal is similar except that 
some 7 om of the upper tube is left around the soil cylinder. This forms a collar, of 
which approximately 3 om are left above the ground after planting. This practice is 
common in areas where termites are a problem, such as in African savannas. The object of 
leaving the collar is to prevent field soil covering the inseo'bioide-treated pot soil 
during weeding. Such untreated field soil can serve as a bridge for termites to attack 
susceptible species. Once the seedling is in the pit, the excavated soil is used to fill 
any gaps or holes and the plant is thoroughly firmed in by foot pressure. 

The soil round all newly planted stock should be firmed by trampling to avoid 
large air spaces from forming in the soil and to bring the earth into intimate contact with 
the roots. Firming also minimizes damage caused by wind which can shake the plant and 
disturb the roots in the period between planting and consolidation of the soil. Very tall 
planting stock is much more liable to wind disturbances, and where wind is a problem it 
may be necessary to drive wooden stakes firmly into the ground beside the plant and to tie 
the stem to the stakes. Staking newly planted poplars, which are often 2 to 3 m in height, 
is common practice.
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Mechanized Planting 

Planting machines are at present used mainly with bare-root stook. If correctlyadjusted and used they generally give good survival, minimize root distortion and coverthe ground quickly (e.g. up to 12 000 plants and more per machine daily)t but they canonly be economically used over large areas and are limited by topography and vegetation.
By handling mainly bare-root stook, mechanized planting is mainly confined to temperate
climates, but research and development is being carried out to develop planting machines
for small container plants and other machines for poplar sets or outtings. 

Planting machines are either mounted on or towed by a tractor. Towed planters
are the most widely usedp but heavier mounted planters tend to be more effective ondifficult sites and slopes. The basic machine operations are: 1) the making of a verticalout in the ground, 2) opening up the out to receive the seedling and 3) closing the outand firming the soil around the plant. These basic operations may be supplemented bydevices for removing vegetation, by water sprays or fertilizing systems or by a timer for more accurate plant spacing. The vertioal out can be made by a knife edge or a plough
share but the most common tool is a straight or curved coulter diso, which han theadvantage of reducing the pulling power required, of riding over obstruotions and ofcutting most soils easily. The opening device or "plant shoe" consists of a slotted
piece of steel plate, with the front edge pointed and designed to lead into the out and
the back end open to allow the seedling to pass through. An operator in a seat or saddle
situated behind the ooulter disc feeds seedlings into the planting shoe at the required
spacing. The final operation of closing the slot is achieved by two inclined rotating
wheels, normally fitted with pneumatic tyres. Supplies of planting stock are carried in,cradles on the machine within easy reach of the operator, and precautions are taken to 
prevent drying out of the seedlings. 

-]
 
te 
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Most planting machines, such as this one in operation in the U.S.A., are 
designed to handle bare-root seedlings. Development of mechanical planters
suitable for container stock is now underway. (Courtesy K.P. Karamohandani) 
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High productivity rates can be attained by mechanical planting on areas of level
 

terrain and few obstructions, such as these grasslands in Venezuela which are
 
being converted to Pinus caribaea. (Courtesy B.J. Zobel).
 

Replacement Planting
 

Replacement planting, "in-filling" or "beating-up" are the terms used for replacing
 

dead plants in a recently created plantation. The aim in all planting should be to have no
 

replacement to do, but inevitably there are some failures due to such factors as poor
 

planting, drought, frost or breakage. When deaths .do occur, the plantation has to be
 

assessed to determine whether the remaining trees are sufficient to establish a satisfactory
 

crop. The time of sampling for replacement planting generally is related to growth rates
 

and for fast growing species would be within weeks or a few months of planting, whereas with
 

slower gowing trees six months to a year and sometimes more after planting would be
 
adequate. 

What constitutes a satisfactory survival varies in different regions. In California,
 

for example, for pine timber plantations planted at 3 m x 3 m a 46% survival at five years
 
constitutes an acceptable stand. This is, however, a minimum standard and higher stocking
 
survival is desirable (Schubert and Adams, 1971). InNigerian savanna, a survival of 90% 
is desirable for eucalypts and pines planted at 3 m x 3 m, but when this falls below 80% an 

assessment is needed to determine whether replacement or total replanting is required. With 

high mortality the object of taking over the site may not be achieved, and a heavy influx of 
weeds can have a further deleterious effect on remaining trees and may create an unaccept
able fire hazard. In Britain it is rarely considered worth beating-up a plantation if 
survival is 80% or better. 
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The -istribution of oasualties can also affeot the need for replacement planting.'or example, vinere failures are evenly distributed the average survival figures may beaooeptable, 'ut this may not be the case where deaths -ocour in groupseffective, raplacement planting must carried soon 
or patches. To be

be out as as reasonably possible afterplanting, and rarely more than a year later, even with slow growing trees. Consequentlyit is important to carry out this operation with considerable care and with high qualityseedlings at as as theleast good original stock.
 

Serious failures, 
 although sometimes attributable to unusual climatic conditions,re often due to errors in judgement or technique during the establishment process, forexample, selecting the wrong site or species, inadequate site preparation, use of poorplanting stock, careless handling, excessive exposure during transport, poor planting,pest or disease depredations or neglect of maintenance. Any serious failure requires
careful investigation to determine 
 the possible causes, so that remedial action can betaken in the future and before any replacement planting. 

Fertilizers and ycorrhizae
 

Soil Nutrient Status
 

Trees, as other plants, require 
 from the soil an adequate supply of all thirteenessential elements for healthy vigorous growth. These elements are the macro-nutrients:nitrogen, phosphorus, potassium, magnesiumg calcium and sulphur; and the micro-nutrientsor trace elements: boron, copper, iron, zinc, manganese, molybdenum and chlorine. Unthriftygrowth or even failure may indicate deficiencies of one or more of these nutrients, but poorgrowth may be due to other causes inoluding: 

1) Ezcess or deficient soil moisture7
 

2) Inadequate soil aerationj,
 

3) Pathological condition (due 
 to attack by insects, fungi,
 
bacteria, viruses or nematodes) or
 

4) Soil conditions which inactivate the soil flora or fauna.
 

If soil nutrient deficiency is suspected as soil shouldcausing poor growth, thebe analyzed to discover which elements appear to be in deficit. Poliar analysis is
another diagnostic technique which is being more frequently used. Local field testsshould confirm the composition and quantity of fertilizer and the methods and times ofapplication required to remedy the deficiency and give healthy growth. 

The elements most commonly in short availability are phosphorus and nitrogen, andin experiments in which these elements were added increases of growth were most oftenobtained. However, nitrogen fertilizers Jv the absence of adequate phosphorus, either inthe soil or in the fertilizer, have occasionally been deleterious and, even with sufficient
phosphorus present, they do not always give positive responses unless there has beenadequate rainfall and generally mcist conditions prevail. Potassium rarely seems to givepositive responses. 
In dry zones the application of fertilizers sometimes causes
increased mortality in newly-planted areas, possibly due to high concentrations of the
fertilizer salts in the soil solution if adequate rainfall does not follow. 
The worst
damage is to be expected after light rain followed by a dry spell, and where rains at
planting time are unreliable it may be advisable to defer fertilizer application until
the rains have become established and there isno danger of the soil drying out (Laurie,
1974).
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Fertilizer Applioation 

The 	 main' reasons for applying fertilizers ares 

1) 	 To allow the planting and growth of selected trees on sites where 
adequate tree growth is not possible due to general lack of 
fertility or to specific nutrient defioienoes and 

2) 	 To accelerate the growth rate of trees after planting so as to
 
increase the chances of survival and to shorten the establishment
 
phase*
 

Advances in the science and teohnology of forest fertilization have been fairly 
rapid over the past twenty years. The identification of phosphorus and nitrogen deficienoy 
over extensive areas of plantation land have been promptly and effectively dealt with by 
the application of fertilizer technology adapted from agriculture (Bengston, 1973). Types 
of phosphorus and nitrogen fertilizers suited to particular forestry situations have been 
and 	are being developed. 

The timing of fertilizer application is important. For some speoies and soils, 
addition of fertilizers at the time of, or soon after, planting may be beneficial; in 
other oases, fertilizers are applied years after planting. Numerous fertilizer experiments 
have been carried out, often with conflicting results. This is perhaps to be expected when 
the great variety of soils and of species is oonsidered and it is difficult to formulate 

generalized recommendations either for species or recommendations. 

Fertilizer application is often by hand, but an extensive range of equipment has 
also been evolved, particularly for large-scale application. The types of equipment include: 

1) 	 Tractor mounted spreaders using air blowers or mechanioal spreaders 
to broadcast fertilizers and limep 

2) 	 Tractor mounted applicators which can meter and selectively apply 
fertilizers simultaneously with either site preparation or planting 
operations and 

3) 	 Aerial application by fixed-wing aircraft or helicopter. 

Aerial application is excellent for large areas. The technique was advanced rapidly 
by the development of special aisposal reservoirs or canisters which can be quickly fitted 
and removed. Since 1974, however, the steeply rising costs of fertilizers have encouraged 
new research and development of equipment and techniques which aim to economize on the 
amounts of fertilizer used by effecting more precise placement. 

Tree Response to Fertilizers 

Fertilizer application to remedy deficiency conditions can often produoe remarkable 
results. In many savanna areas, for example, euoalypta, in particular Eucalyptus grandis, 
are found to be very sensitive to low fertility, especially to boron deficiency. The 
symptoms of boron deficiency are leaf deformation, serious die-back during the dry season 
and frequently death. Experlments in Zambia, Nigeria and elsewhere have confirmed the need 
to apply boron fertilizer in such areas, and in Zambia heavy standard applications of from 
57 to 144 g of borate (14% B) per plant are given, the quantity depending on site. Boron 
deficient crops will produce no saleable yields but E. grandis with borate often reaches a 
mean annual increment of over 25 m3/ha. 
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A great deal of work has been done on fertilizer application to pines, particularlyphosphates (Waring, 1973), and some of the findings have fairly wide application. WithP. radiata in Australia it was found that for maximum production it is necessary tofertilize at planting and to control weeds. Early responses to fertilizer were stillevident at canopy closure and increased with time up to at least 25 years without additionalstimulation. Delaying fertilizer application can appreciably reduce productivity. Thequantity, time and type of fertilization, type and quality of site preparation and degreeof weed control interact to influence early response and consequently total production.Optimizing these various factors offers good management an opportunity to maximize increment.In Nigeria, an application of 114 g of phosphate was found to increase both survival andgrowth of P. oaribaea (Jackson, 1974)t and in Western Australia zinc fertilizers improved
the growth of P. pinaster plantations. 

Nitrogen deficiency is a limiting factor on sites, oftensome on abandoned anddegraded fields or in areas of drifting sand. The addition of nitrogen-rich compoundfertilizers, urea or organic manures is required to get the trees away to a good start onsuch sites. 
 There is, however, a danger of acidifying certain soils by excessive
application of urea or other nitrogenous fertilizers. Sometimes nitrogen-fixing tree cropssuch as alders (Alnus spp.), and many leguminous species are grown either as pioneer nursecrops or as an understory in admixture with the main tree crop. Lucerne and other herbaoeous leguw-s grown as green manure can also be used to raise nitrogen availability in the 
soils.
 

Kyoorrhizae
 

Most forest trees have myoorrhizal fungi associated with their roots and it is
thought that trees will not thrive unless satisfactory symbiosis with one or more kinds of
mycorrhizae has developed. 
As a result, the practice of inoculating nursery soils with
myoorrhiza-infeoted soil from forests or plantations has become widespread. 
Instances have
been reported from East Africa and from Latin America of unthrifty plantations of tropical
pines which have been restored to health and vigour following soil inoculations by culturesfrom areas where the pine is indigenous or has become well established. Many species ofArauoaria are reputed not to thrive as exotics unless both the eoto- and endotrophio formsof the mycorrhizae normally associated with their roots are present in the soil. 

Recent research has shown that in very fertile soils tree roots tend to have a muchmore limited association with myoorrhizae or none at all; 
 accordingly the application of
fertilizers also seems to reduce the dependence on symbionts. It has n )t yet been fullyestablisha4 whether the myoorrhizal association is essential for the development of trees,
or whethev the association is developed by the tree as a device for increasing nutrient
availability in less fertile sites. 
In recent years, much research has centred on
comparing the effects of different species of myoorrhizal-forming fungi, often with notable
success. Marx and Bryan (1975), for examplehave shown that Pinus taeda seedlings
inoculated with Pisolithus tinotorius grew better on harsh, in e iledisturbed sites withperiodic high soil temperatures than did seedlings inoculated with Telephora terrestris tthe more common and typical pine nursery inoculum in the southeastern United States.tinotorius also holds promise P. as a pine inooulum suited to high tropical temperatures;- inNigeria, Mowoh et al. (1977) found it was able to withstand higher temperatures than

RhizoDogon luteolus, the general myoorrhizal fungus in use.
 

TENDING OPERATIONS 

Tending operations are those required to promote conditions favourable for thesurvival of the plants after planting and to stimulate a healthy and vigourous growth untilthe plantation is estrvblished. On most plantation sites, tending is mostly concerned withpreventing the planvt from being suppressed by competing weed vegetation. Other tendingoperations are ,4atering or irrigating the plants in dry areas; in some oases pruning or 
tree shaping m;&y also be necessary. 
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Weeding 

Weeding in plantations may generally be defined as a cultural operation eliminating 
or suppressing undesirable vegetation which would, if no action was taken, impair the 
growth of the plantation tree crop. Weeds compete with the tree crop for light, water and 
nutrients, and weeding should increase the availability of all or the most critical of these 
elements to the planting crop. The main objeotive of weeding is to promote the growth and 
development of the plantation orop, while keeping the costs of the operation within 
acceptable limits. 

The main factor affecting the intensity and duration of weeding is the interaction 
between the tree crop and the weeds. On some sites the tree crop would eventually grow 
through the weeds, dominate the site and become established; and on such sites the main 
function of weeding is to increase crop uniformity and speed up the process of establish
ment. On other sites, the type or density of the weed growth is such that in the early 
stage of a plantation it will suppress and kill some or all of the planted trees, and in 
such areas the main purpose of weeding is to reduce mortality and maintain an adequate 
stocking of trees to establishment. When the interaction between the tree crops and weed 
growth has been determined and understood, plantation management will have some under
standing of the general principles of weeding and of the options open in relation to 
frequency and duration of weeding; some of these are: 

1) Most crops would benefit 
this is neither feasible 

from a form of total weeding, but very often 
nor can it be economically justified. 

2) With tree species to some degree 
intensity may be applied down to 
satisfactory establishment. 

tolerant of weeds, a range of weeding 
the level that will just achieve 

3) Tree species intolerant of weed growth require high intensity weeding 
until the tree crop has taken over or dominated the site. 

Clean weeding is not confined to the tropios. In northern Italy, for example, 
industrial plantations of Pinus strobus are clean cultivated mechanically during 
the establishment phase. Courtesy Inetituto Nazionale per Piante da Leogno, Torino) 



-70-


Other principal faotors affecting weeding are 	rainfall, t emperatureq initial cropepaoing size of plant., rates of growth t weed specie, and density, ability of the woodsto regenerate, such rite feature. u fertility, moisture availability and slope and theskill of the manpower available for weeding. 

Methods of Weeding 

The main methods of weeding are suppression and elimination; both can be donemanually, meohanioally or by chemioal teohniques. Weed suppressionphysically beating down or crushing the weeds 	 or 
is effeoted by 

or 	 or by outting soreefing the -weeds back atabove ground level. Weed elimination is achieved by killing the weeds, either bydestroying the whole plant by cultivation ur by the use of ohemicals. Weeding may be totalor partial; the main partial methods being spot or line weeding.
 

Weed Suppression
 

The 	 simplest method of manual suppression is to trample or beat the weeds down,away from the plantation trees. This operation may be meohanized by using a tractor-towedroller, but suoh an implement cannot operate too close to the tree crop. 

The most common manual method of weed suppression isvariety of cutting tools such 	 to out them back using aas sickles, brush hooks and soythes. In many countries caneknives or matohetes are used, and although such tools may not be ideally suited forparticular vegetation types, they are used with great skill and the labour need not adaptto a change of tool.
 

There is a wide range of mechanized cutting weeders, suoh as:
 

1) The portable brush outter, 
 as noted in Chapter 1; 
2) 	 The pedestrian controlled two wheeled machines suoh as
reciprocating bladed autosoythes 

the
 
or similar machines with

rotating blades or flails;
 

3) Tractor powered machines for brush outting, mainly 
rear
mounted and operated from the power take-off:
 

a) horizontally rotating chain 
 swipe machines,
 

b) horizontally rotating blade 
machines and
 

o) vertically rotating flail machines.
 

Weed Elimination
 

Weeding by cultivation generally requires that 
the 	weeds, including the roots,dug 	out of the soil and areare 	either laid on the surface or are chopped up and worked intothe 	soil. 
 In addition to eliminating weeds, such cultivation may increase rainfallpercolation and reduce evaporation from the soil, features which are of considerablesignificance in certain eaeas with a marked dry season.
 

Manual weeding cultivation is done mainly by long handled straight hoes or, in thetropics, by shorter handled reourved 
hoe 	 is 

hoes. The operation is usually more effective if theused for actual cultivation involving turning of the soil, rather than sorapingoff 	of the weeds. 
over 

As total manual cultivation requires high and costly labout inputs (e.g.Nigeria 25 to 30 man-days/ha) the operation is usually confined to spot or line weeding.In spot weeding a circular area 1 - 2 m diameter is hoed around the trees; in line weedinga strip about one metre wide is hoed along the planting line. Weeding costs are reduced in 



taungs plmntations, where the famer in tending his crop gives fi1l or partial weeding 
cultivation over the area during the growing season. 

In certain areas with a marked dry season, such as savanna, it has been found that 
spot or line weeding is insuffioient to give adequate plantation survival or growth, and a 
system of mechanized total oultivation on suitable flat or gently sloping sites has been 
developed. Total cultivation for large-scale plantations involves mechanized interrow 
weeding and supplementary hand weeding close to the plants. The only totally mechanize. 
cultivation is the pre-planting harrowing which although classed as a land preparation 
operation, also serves the same purpose as a weeding carried out immediately before 
planting. 

There is a wide range of mechanized equipment for weeding cultivations including
 
powered two-wheeled or oxen drawn cultivators for small-scale operations; the main
 
weeding equipment for larger scale work includes:
 

1) Agricultural traotors with rear-mounted heavy duty offset 

disc harrows and 

2) Agricultural tractors with rear-mounted rotavators. 

The disc harrows are widely used and, except in areas of exceptionally heavy weed growth, 
have proven satisfactory in practice. The rotavators also give good cultivation and can 
deal with heavier weed cover than harrows, but being more sophisticated than harrows, are 
more prone to damage, unless operated with care and'skill. 

When interrow weeding is in one direction only it is supplemented by line weeding, 
when in two directions it is supplemented by spot weeding. Line weeding requires a labour 
input of some 60%more than spot weeding. Mechanized cross weeding, however t results in 
some 66% of the interrow area being cultivated twice. One major disadvantage of cross 
weeding is that the tractor has to cross at right angles the furrows made earlier by the 
harrow, and the consequent pitching and shook loading can seriously increase wear and 
tear on the unit. 

Total and partial weeding using chemical herbicides have and are being extensively 
developed. The types of herbicide commonly used for weeding are included in those listed 
for site preparation in Chapter 1. The essential feature is that experiments are necessary 
to determine types of herbicide and methods of applicationt suited to particular plant
ation species and sites. The main methods of application include: 

1) Hand operated knapsack sprayers, 

2) Motorized knapsack mist blowers, 

3) Granular herbicide applioatorsq, 

4) Traotor-mounted mist blowers and high volume sprayers, 

5) Ultra low volume sprayers and 

6) Aerial application. 

The selection of type of herbioids application is largely a matter of scale and
 
experience. The development of ultra low volume sprayers has generally widened the
 
possibility of herbicide use. Aerial spraying is feasible for some large-scale plant
ations; it is extensively used, for example, in New Zealand where some 25 000 ha, or 87%
 
of the annual weeding programme, was lone by this method (Chavasee and Fitzpariok, 1973).
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A wheeled tractor with a rear-mounted diso harrow is used for interrow weedingyoung pine and eucalypt plantations in African savannas* (courtesy T.o. Allan) 
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Tynes of Weeding Regime 

In temperate regions where partial weeding by cutting or ohemioals is done, it is 
common practice to do summer weeding onoe each year until the plantation trees top the 
weeds. This oan. involve a weeding programme of from two to five years. Poplars, for 
example, require weeding in the two to three years following planting. A common temperate 
practice is to out the vegetation and lay a muloh of 1.2 to 2 m around the tree each 
season*
 

In savanna regions a oommon meohanized schedule for eucalypts would be: 

Time of Operation Type and Number of Weedings 

First year regime (age 0 to 8 6 mechanized interrow weedings
months), during the rains in alternate directions supple

mented by 5 spot weedings 

Second year regime (age 12 to I to 4 mechanized interrow 
20 months) weedings, with no hand weeding 

necessary 

A similar regime would be used for pines but the duration would be three to five 
years instead of two. Both eucalypts and pines in the tropics grow during the dry 
season at which time the quantity of soil moisture is restricted and the clean weeding
regime should increase the water availability to the plantation trees, particularly during
the initial year when root development is taking place. 

Watering and Irrigation 

Plantations in arid and semi-arid regions often need watering periodically during
the first growing season to obtain a satisfactory survival rate. Watering should begin
sometime after the cessation of rains when the moisture content of the soil has fallen to 
near the wilting coefficient and should be repeated at intervals until the onset of the 
next rains. Before each watering the trees should be hoed clean of weeds and a shallow 
basin made round the stem of each tree. Where evaporation is high, a heavy watering (20
litres or more per tree) at relatively long intervals is more effective than more frequent 
light waterings. 

Watering is usually an expensive operation, especially on terrain too steep or too
 
rough for the passage of tank vehicles so that pack animals are required to oarry drams of 
water to the plantation site. Watering is uneconomical for large plantations, especially 
if the source of water is at some distance away from the plantation, but it may be 
justified in the case of small amenity plantations or for establishing roadside avenues. 
In many semi-arid countries, regular cultivation and weeding, especially during the first 
growing season, has proved sufficient to conserve enough soil moisture for satisfactory 
survival of the plants, obviating the need for watering. 

In the case of irrigated plantations, regular periodic irrigation of the whole 
plantation is the principal routine tending operation, and may continue until the end of 
the crop rotation. Irrigation channels need weeding at intervals to prevent weed growth 
impeding flow rate. Spraying channel banks with herbioides, repeated at fairly frequent 
intervals before the weeds grow too high, is an effective method of control. Irrigated
 
plantations are discussed more fully in Chapter 4. 
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Pruning and Shaping 

With the exception of very widely spaced crops, pruning is not a normal operation
during the establishment phase. 
 However, with certain species of tropical pine, for

example, Pinu kesia and P. ocoarpa, a basal pruning may be 
 necessary to remove adventitious and undesirable branches at ground level. 
 Occasionally pruning may also be carried
out not so much to improve the quality of the timber, but to allow access or to reduce the

possibility of fire spreading from ground level to the crown.
 

Tree shaping operations, including the excision of double leaders, are practised
in certain plantations, particularly those grown from stumps or cuttings. 
 Such work may

very often be combined with climber cutting operations.
 

The early pruning of side branches and adventitious branchlets is customary in
wide-spread poplar plantations where the trees are expected to provide peeler logs for
match-making or veneers. 
Normally the boles are clean pruned up to one-half the total
height of the stem for the first five years, thereafter gradually reducing the crown
proportion to about one 
third of the total stem height. Adventitious branchlets, which
tend to appear each spring on the pruned section of the bole, are trimmed off as soon as
possible after their appearance. 
 Pruning of larger branches is best carried out in the
spring before the sap rises; 
 this also appears to accelerate occlusion of the wounds.

Pruning wounds or bark damage caused by weeding operations can be treated with formula
tions of lanoline plus indolacetic acid or lanoline plus Agrosan (an organo-merouric

chemical) which hasten occlusion.
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CHAPTER 4 

SPECIAL TECHNIQJES FOR DIFFICULT SITES 

Chapters 1 to 3 were concerned with site preparation and planting methods primarily 
on firm ground of gentle terrain where soil moisture was neither excessive nor so limiting 
as to require irrigation or the construction of special water-retaining structures. This 
chapter describes techniques which have been developed for particularly difficult sites : 
I) areas where soil and water conservation measures are critical factors for forest 
establishment, 2) irrigable sites, 3) sand dunes, 4) waterlogged sites and 5) mine tips and 
soil dumps. 

SITES WHERE SOIL AND WATER CONSERVATION MEASURES
 
ARE CRITICAL FACTORS IN FOREST ESTABLISHMEN
 

This section is concerned with two distinct sets of environmental conditions having 
one important factor in common - the need to retard or prevent the runoff of rain water 
falling on the ground. The two environmental categories are sites prone to erosion and 
arid sites. The need to combine soil and water conservation techniques with tree planting 
is a characteristic common to both site types. Soil and water conservation teohni4ues are 
age-old; although in modern times many new techniques have been developed, first using 
manpower but recently using mechanized methods to an ever-increasing extent. 

Site Conditions and Runoff 

Sites Prone to Erosion 

These are areas with eroding or erodible soils# generally with moderate to steeply
sloping surfaces, which are from time to time subject to rainfall intensities capable of 
producing surface runoff in amounts damaging to the soil structure in the catchment areas. 
Excessive runoff can also lead to downstream damage in the form of siltation and destructive 
inundations. 

Land subject to severe erosion occurs commonly in the hilly or mountainous parts of 
those climatic regions with sharply differentiated dry and rainy seasons but also in areas 
with extensive and heavy rainfalls. In areas with a marked dry seasong the surface soil 
layers tend to become dry and compacted and less able to absorb the rainfall at the onset 
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of the rainy season. Even when the soil has become recharged to field capacity, occasionalhigh intensity precipitation during storms can exceed the soil's capacity for infiltration,percolation and disposal through subsoil drainage, resulting in surface runoff in concen
trations which cause soil erosion. 

A dense ground cover of permanent vegetation is the best form of protection forsoils in such environments. The aerial parts of the vegetation offer physical obstructionto heavy rain and rapid runoff, while the roots and humus-rich horizons facilitateinfiltration and absorption of the rain water into the soil. The total destruction of thissurface cover for arable cultivation or by persistent burning soon leads to oonditionc of severe soil erosion and the depletion of catchment efficiency with the concomitants ofdegraded soils, reduced farming yields and floods. The removal of litter anO vegetationfor fuel is another factor contributing to soil degradation. In such conditions the restoration of the vegetation cover - usually, but not necessarily always by afforestation becomes a sine qua non for the control of erosion and further prevention of site deter
ioration.
 

Arid Sites
 

The arid and sub-desert areas are characterized by a long dry season and annual
rainfall as low as 10 to 200 mm. Such areas are more or less sparsely vegetated with deeprooting, xerophytic shrubs, bushes and low trees. The rainy season is usually short induration, but rainfall, when it comes, often takes the form of high intensity storms givinghigh surface runoff, so that a large volume of the water is lost in flood spates. Thedevelopment of toohniques capable of holding a large proportion of this runoff in the soilhas made possible afforestation with trees of greater economic interest than the nativexerophytes in certain areas such as North Africa. South of the Sahara in the Sahelian zone,the establishment. of trees at rainfalls of 200 to 500 mm presents tremendous problems except
for a few exceptional, favourable sites. 

The Problem of Surface Runoff
 

The basic aim of soil and water conservation is to create conditions wherein rainfall, or water from anow melt, can be held and encouraged to percolate directly in the soil.In other words, the object is to reduce runoff to a minimum, provided that water for

reservoir storage is not a problem.
 

In regions of abundant or adequate rainfall, soil moisture may be adequate to supportboth a tree crop and a more or less dense cover of ground vegetation. On such ; ,Ses,afforestation requires minimum disturbance of the existing grounda cover sufficient only toenable the introduced tree crop to grow without harmful competition. In this situation, theproblem is to control runoff and soil wash until such time as the new forest coverdevelop its own 
can

capacity for soil protection. The extent and costs of preliminary soilconservation works can often be reduced if the native ground cover can be intensified byprotection from such destructive factors as cultivation of unsuitable sites, excessive
grazing of domestic livestock or persistent burning. 
In Cyprus the total exclusion of goat
grazing from burned-over forest areas in the mountain lands resulted in so dense a regrowthof the indigenous shrubs and raquis vegetation in the course of two or three years, thatthe previously applied and costly soil conservation works could be dispensed with almost 
entirely.
 

On arid sites the emphasis is more on the need to collect and retain rain fallingion the plantation site for utilization by the forest trees dtring the growing season. In'such circumstances the competition of existing vegetation for limited soil water reservescan prove critical, so that afforestation techniques on arid sihes favour clean cultivation 
and water retaining structures. 
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The objective of all soil conservation and water retention techniques is to induce
 
or to maintain conditions of maximum water infiltration, absorption and disposal through
 
subsoil drainage. Each site will have an optimum water absorption, depending on
 
the vegetative cover t the surface litter and the texture of the soil throu.'l, all horizons
 
to the underlying bedrock formations. Conservation techniques should aim to restore the
 
water retaining capacity of the site to its optimum level. During heavy precipitation,
 
rainfall intensity often exceeds infiltration capacity and water begins to run off.
 
Conservation measures should, therefore, be designed to store in reservoir form as much
 
runoff water as possible and to provide for the safe disposal of any water which is surplus
 
to the created reservoir capacity. Under certain conditions, particularly on mudstone
 
slopes or unstable soils, increased water retention is liable to result in landslips, and
 
on such sites certain water conservation measures could prove harmful.
 

The design of conservation measures, their capacity and complexity and, therefore,
 
their cost will derive from the terrain and from the forecast of rainfall amounts and
 
intensities as compared with the water retention capacity of the site. Such rainfail
 
forecasts can be reasonably accurate if long term data (including rainfall intensity
 
records) are available for the area together with runoff data, as recorded by experimental
 
runoff plots and local stream flow ganges. In the absence of such data the forester will
 
have to design the conservatioft plan on the basis of the best local experience available,
 
as the time available for investigation and research is often limited.
 

The less detailed or reliable the information and data are for making estimates of
 
peak runoff from a given site, the greater the emphasis should be on the inclusion of drains
 
and other devices for diverting surplus runoff into controlled discharge drains.
 

Soil and Water Conservation Methods in Regions of Good Rainfall
 

A great deal of technical experience has been recorded on the subject of erosion 
and on soil and water conservation techniques. The intention here is to discus I briefly 
those measures which are commonly employed in combination with afforestation. 

Revegetation 

In areas where rainfall is sufficiently plentiful or well distributed through the
 
year to maintain a relatively lush ground cover of indigenous species, the first step to
 
be taken is to ensure the protection of the site from any form of use reducing the effect
iveness of this natural vegetative cover. 

The most commonly encour.ered destructive factors are fires, overgrazing, and
 
shifting cultivation. Protection against such forms of damage nearly always involve
 
disruption of traditional methods of land use and the introduction of new systems of land
 
management. Such changes may provoke hostile reactions from the communities affected
 
unless social problems are identified and analyzed and acceptable solutions found. In the
 
example from Cyprus mentioned earlier, the land set aside for afforestation consisted of 
hilly forest reserves traditionally grazed by livestock owned by fringing communities. The
 
herdsmen, usually a landless minority oommunity, in return for agreeing to abandon forest
 
grazing, were compensated by grants of agricultural holdings, sometimes excised from other
 
parts of the reserve, or by grants in cash sufficient to enable them to set themselves up
 
in some other form of employment. With the cessation of grazing, the fire hazard was 
greatly diminished.
 

In Cyprus a solution to overgrazing was relatively simple; other countries facing
 
similar erosion problems are evolving other solutions suitable to their varying conditions.
 
In Yugoslavia the abolition of forest grazing was greatly assisted by planned industrial
 
development which was able to absorb the migrating forest grazing communities. In Greece
 
and Turkey more emphasis is given to the development of improved range lands and the
 
introduction of high-productivity livestock as indirect compensation for the closure of
 
other sectors of the catchment destined for afforestation.
 



In South Korea the national enoouragement of ounmunity self reliance and thedevelopment of village forests is proving an effective way of reforesting marginal,hill lands. In Thailand the setting up erodedof forest villages, together with the provision ofland for cultivation and cash benefits from afforestation work, is reducing shiftingcultivation by offering the cultivators a settled and higher standardIndonesia of living. In
t the provision of cash subsidies and the development of a fodder/forest cash
crop system has persuaded farmers to initiate the reforestation of steep catchment landwhich they had previously cleared but found unsuitable for long-term cultivation.
 
The exclusion of grazing and shifting cultivation by legal or administrativehas rarely proved successful unless accompanied by action some acceptable compensatory measures. 

Water and Soil Retaining Structures 

The underlying principle of such structures in to contain or retard therainwater off the ground as it flow offalls, preventing surface runoff water from accumulatingin volumes sufficient to cause damage to the land by scouring. 

Terraoing 

The age-old method was to level the land in a seriesthe of steps down the mountainside,steps being supported by terraced walls of unmorticed masonry whereon the site; on sites lacking stones the 
stones were abundantterraces were supported by earth banks or bundsprotected by natural vegetation. Modern techniques, as described recently by Sheng (1977),are mostly adaptations of these ancient soil conservation works.
 

Construction oi narrow contour terraces is a common site preparation techniqueon steep, erodible slopes in northwestern Turkey. (FAO photo) 
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Contour Steps and Ditohes
 

Contour steps (i.e. gEadoni or bancruettes) consist of a ledge dug out of the hill 
slope along the oontour, the outer edge of the ledge or step being raised above the inner 
edge. The contour ditch differs from the ocontour step only in having a more pronounced 
basin and bank effeot when viewed in profile.
 

Contour steps or ditohes can be designed so that their water storage capaoity 
matches the expeoted runoff from the strip of land immediately above them, to the next 
contour work above. Alternatively, for any fixed design oapaoity, the frequency of the 
contour stops or ditohes - or the width of the interval between them - can be related to 
the expected maximum intensity runoff. Several formulae for calculating the size and 
frequency of contour ditches and steps exist. Sacoardy (1950 and 1959) working in Algeria 
used the following formula: 

3

H
- .260 + 10 

where H is the vertical interval between contour ditches or banks, and S is the degree of 
slope in percent. 

A similar formula used in Sri Lanka, among other countries, is: 

H-30 (n+9) 
4n 

where H is the longtitudinal distance in metres between contour banks and n is the degree 
of slope in percent. 

In areas liable to erosion the distances in the table below are given as a guide to 
the spacing of contour terraces, steps or ditches. 

Table 1: Distance between contour works according to slope 

Slope Distances in metres
 
(Percent)
 

Vertical Horizontal
 

3 2.0 67.0 

6 2.5 42.0 

10 3.0 30.0 

15 3.4 23.0 

25 4.0 16.0 

35 4.5 13.0
 

50 5.0 10.0 

The steeper the slopeg greater the vertical distance between lines and the 
smaller the horizonal distanowPhis is oomputed in proportion to the rainfall oatchment 
area between lines of oontour' works. 
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Contour ditches and steps are usually constructed by hand, using pickaxes orgrubbing hoes. Lines 10 m to 40 m long and 1 m to 1.5 m wide can be constructed per manday depending on the design and size of the ditch or strip and on the terrain, vegetationcover and soil structure. Contour steps of 2.3 m width can also be constructed mechanically,even on slopes up to 60%, using crawler tractors fitted with angledozers. This method isused extensively in Algeria and in Cyprus, where the contour strips are called "catastrips".Subsequent subsoiling along the catastrip increases the capacity of the soil, and hence theeffectiveness of the entire operation.
 

On easy slopes (below 25%) where the soil is often deeper, contour ditches can be
constructed by a tractor-drawn share plough, turning the soil downhill. 

An example of the comparative costs per hectare of afforestation and soilconservation is provided by data reported from Tunisia where both manualmethods are in general and mechanized use. There the manual construction of 550 - 600 linear metres ofcontour steps per hectare required 235 man-days of labour. The same work was done by
machine in one day, at one-third the cost. 
 The full costs in 1966 of plantation establish
ment are shown in Table 2. 

Table 2: Costs of Afforestation Combined with Soil Conservation 
Works in Tunisia (1966) 
InUS Dollars (1 Dinar - USS 1.90) and Man-days (m/d) 

By Hand 
 By Machine 

Work Item With With With On less
 
Banquettes Steps Banquettes 
 sloping


land 

Clearing vegetation $ 123.98 $ 123.98 $ 93.88 $ 62.32150 m/d 
 150 m/d 
 126 m/d 
 80 m/d
 

Construction of banquettes 
 $ 177.13 $ 57.90(550-600 linear m per ha) 
 235 m/d 
 1 m/d
 

Construction of steps in 
broken lines 7344
 
(800-1000 linear m per ha) 
 105 m/d 

Sub-soiling 

- 41.80 S 32.30 

1 m/d 1 m/d 

Construction of access 
 S 17.95 S 13.63
roads 13 m/d 5 M/d 

Cost of planting stock S 45.16
 
22 m/d
 

Transport and planting $ 31.1640 m/d
 

Tending and replacements $ 45 36 S 49.16 $ 39.3325 m/d 
 25 m/d 20 m/d
 
TOTAL S 440.00 S 337.00 8 332.00 8 224.00485 m/d 355 m/d 220 m/d 
 168 m/d
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To be effective it is essential that the location of the ditches be aligned
 
accurately using surveyors' levels and that the ditches be subsequently constructed exactly
 
on the pegged lines. Nonetheless experience has shown that it is difficult to construct
 
lines of steps or ditches exactly on the contour, however accurately pegged out, with the
 
result that where errom have occurred, water accumulating in these slight dips in the line 
sooner or later overflows, creating just thd sort of damaging runoff which the system seeks 
to eliminate. Damage resulting from minor deviations from the contour can be mitigated to
 
some extent by the construction of septa across the ditch or step, which in effect divide 
the ditch into a series of compartments or basins, increasing the amount of water retention 
on lines haviig a slight doinward inclination. 

Inaccurate construction, especially on difficult terrain or where the workers lack 
the necessary skills, has been frequently encountered, and this has led to the introduction 
of alternative systems incorporating occasional graded ditches between "broker" lines of 
contour ditches and steps (i.e. 414ments de banquettes). 

Varying Grade Contour Ditches 

One method of overcoming the danger of accelerated erosion arising from faults in 
the levels of contour ditches is to construct at intervals down the slope a series of 
graded ditches designed to evacuate runoff water from the hill face to specially constructed 
discharge points in the beds of natural drainage channels. The inclination of the drainage 
ditches should be 0.5%t, increasing in stages of 1.0%towards the discharge end. The length 
of these graded trenches will depend on the topography, but it is advisable to keep the 
length as short as possible. The greater the length, the larger and the more costly must 
be the cross-section dimensions. Lengths exceeding 500 metres should be avoided, if possible. 

These graded ditches must be pegged out and constructed with considerable accuracy. 
Their frequency and location must be decided partly on consideration of the estimated
 
quantities of runoff water and partly to avoid rocky outcrops or other obstacles lying on 
possible courses. The main disadvantage of the graded ditch is the absolute necessity to 
maintain the channel in good condition by removing at frequent intervals accumulations of 
debris, earth and stones which may be washed into the ditch after heavy storms. If such 
maintenance is neglected the channel will become choked and will spill its water at the 
point of blockage down the unprotected hillside, possibly overwhelming the whole system of 
downhill ditches and thereby adding, sometimes spectacularly, to the erosion problem the 
ditches were designed to control. 

The maintenance difficulty, experienced in many afforestation projects, where 
labcur and supervisory staff may have to be concentrated in other areas of the project,
has tended to limit the use of this system to the incorporation of an occasional line of 
graded ditches as a kind of safety-valve with other types of conservation works. 

Broken Contour Line Techniques 

These have evolved from the contour ditch or step method previously described and
 
include the digging of planting holes or steps on the slopes between the contour lines. 
In their simplest form, they would consist of a number of steps 0.6 to I m square, hacked 
out of the hillside at distances dictated by the plantation spacing prescribed. A few 
seeds or a single plant are put in each square. 

When the plantation spacing is relatively dense, these square steps are elongated 
laterally along the contour to provide short distances of steps or ditches, leaving short
 
intervening stretches of untouched vegetated land. The row of trenches or steps next 
below would be staggered in such a way as to catch runoff water passing through the gaps 
in the line above. This method has been extensively applied in Morocco and Algeria where 
the broken lines of steps are called 614ments de banquette. This method has the advantage 
that very accurate levelling can be dispensed with, since it relies on a multiplicity of 
small steps or ditches to provide protection against runoff and soil erosion. Even where 
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unbroken contour ditches or varying grade. ditches are used it is often necessary to prepareplanting holes or short lengths of steps or ditches between the main contour works, inorder to maintain a more or less regular plantation espaoement. 

A variation of the broken line system, generally known as the "crescentconsists of digging method",a small basin from
upward 

which trenches lead out laterally at a slightinolinationt concentrating rainwater runoff in the basin. The tree is usuallyplanted above the basin. The crescent method is particularly applicable on drier sitesand with relatively wide planting espaoements. 

Tied-RidAing Method 

This method is an adaptation from an agricultural system of waterpractised conservationin East Africa, resembling the North American "basin-listing" method, by whichthe entire surface of the land is covered with basin-like furrows scooped outcontour with a special plough. along theIn the East African tied-ridge system as applied inafforestation, the land is first ploughed or hoed and then ridged up in lines 2.5 m apartroughly along the contour, these ridges
right-angles to the 

are "tied" by secondary ridges constructed atmair, ridge lines at intervals of 3 m, forming a series of basins,
which are capable of trapping 
a sudden 50 mm storm. In compacted soils this method hasproved superior to sub-soiling due to the fact that the whole rainfall is trapped andutilized. Its application however is limited to flat or gently sloping land. 

Wicker Work Fences 

On steep slopes where the soil is unstableof contour and liable to creep, the constructionsteps and ditches may merely serve to increase instability or even to accentuatethe rate of earth slip. In such situations the implantation along thewicker work fences contour of rough 
achieved by the 

can help to stabilize the soil temporarily until permanent fixation isroots of planted trees and covera of invading vegetation. These fencesare constructed by driving a line of wooden pickets of some durable species into theground at about 1 m intervals and weaving between the pickets a mass of branohwood.height of the wicker fences Theabove ground level varies between 0.5unstable slopes are sometimes mulched with rice 
and 1 m. In Japan

straw pegged into the ground to completelycover the strips between the wicker fence lines. 

On unstable soils or stony sorees, wioker work fences are often useful, but these
sites are generally too impoverished to plant without further treatment. It may benecessary therefore to import good loam or forest soil from elsewhere toplanting holes to give fill in the
 
operation. A cover 

the young trees a good start, but this, of course, is a costly
of wire netting can also be used to hold and stabilize soree slopes. 

Ravine and Torrent Control Methods 

On sites where erosion has reached an "dvrd stage, it is common to find theland deeply dissected by ravines and gullies o1 &:"',trod by runoffUnless stabilized by vegetation water from the slopes.or by the meoAi 4: action of check dams, such ravinesgradually become deeper through the scouring Ewstca, of the water flows, which also undermine the banks causing their collapse and a grAdual lateral extension of the ravine.Actively eroding ravines should be stabilized at the same time as the hill slopes,otherwise they can eventually destroy the effectiveness of conservation measuresconstructed on the planting sites. Heeds (1977) has described the construction of gully
control works. 

Wherever contour steps or ditches cross ravines,require strengthening by stone revetments; 
the banks of the ditches will

but in the case of ravines exceeding onesquare metre in cross-section, it is advisable to stop the contour works some metresfrom the edge of the ravine to guard against the possibility of the ravine banks erodingoutwards and "tapping" the contour work. 
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Where graded ditches discharge into a ravine it is essential to avoid cascading the 
water into the ravine, since this will result in the ditch channel -being eroded back. Where 
stones are available a masonry oheok dam should be oonstructed across the ravine to a height 
level with the bank of the contour ditch and more or less continuous with it. The water 
from the ditch can thus flow into the ravine behind the oheok dam without oasoading. The 
wall of the check dam should be provided with an outlet spillway at the top and a masonry 
apron at the bottom to prevent water undermining the foundations of the dam wall. 

When building check dams the following points should be noted: 

1) 	 The foundations should be strongly made and bedded into rook; 

2) 	 The ends should be revetted well into the banks of the ravine to 
prevent water seeping round the wall, eventually causing a 
collapse;
 

3) 	 The downstream face of the wall should be given a pronounced 
baok-slope (1:2 inolination from the vertical if uncut stones or 
boulders are used; 1:3 for dry-masonry walls of roughly out 
stones; 1:4 to 1:6 if cement masonry or oad; cement walls are
 
used). The upstream face of the wal! can be vertical but it 
should be filled up with rook and debris to the level of the 
spillway;
 

4) 	 A spillway must be incorporated in the top centre of the dam 
wall, sufficiently large to pass the maximum torrent flows 
expected. The spillway should be constructed of large flat stones, 
preferably cemented together in the top course of masonry. 

To ensure thorough stabilization of the ravine, a series of check dams should be 
constructed from top to bottom; the dams being so spaced that they complement each other's 
effects. This rule can be relaxed to allow a slope of not more than 5 percent to build up 
in the torrent bed between each pair of check dams. 

Check dams may be constructed of 1) logs and fasoines set across the ravine and 
held in place by posts driven well into the soil, 2) of masonry (where suitable stones are 
available), 3) of gabions (galvanized steel wire netting "baskets" or "sausages" filled 
with stones and pebbles), or 4) of reinforced concrete. Brushwood check dams are useful 
in small gullies, partioularly if the brush includes a species capable of vegetative 
reproduction and if the upstream side of the dam is well sodded. The choice of material 
used for check dame depends on the following factors: 

1) 	 The slope of the ravine bed and its oross-setion dimensions, hence 

the 	volume and velocity of the torrent flows to be controlled;
 

2) 	The type of construction material most convenient to the site, and 

3) 	 The value of the land, including lines of communications, habit
ations eto.,siuated below Lhe ravine and which the stabilization 
works are required to protect. Under some circumstances the cost 
of ravine stabilization may exceed the value of the protection 
gained, in which case some compromise needs to be struok in the 
planning stage. This compromise may take the form of confining 
stabilization work to the smaller branch ravines, and reducing the 
number of the larger and more costly structures in the main ravines. 
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Water Conservation Meamres on Arid Sites 

Successful afforestation in very low rainfall areas (down to 200 mm) depends onsecuring maximum absorption and retention of sporadic rainfall by the thesoil in areasto be occupied by roots of the trees. The. spaoing between trees will generally increasewith decreasing rainfall. Land between tree rows which not expeotedis 	 to be ocaupied bytree roots in the future can be regarded as water oatohment areas for the planted zone.It follows that any indigenous vegetation should be eliminated so as to minimizecompetition for soil moisture, except on sites where such denudation could lead to wind
erosion of the exposed topsoil. 

Contour Banks 

One method of site preparation designed to meet the basic requirement of maximumwater storage for afforestation on arid sites consists of forming a series of large banksor bunds sited accurately on the contour and constructed of earth and stones scraped offthe oatohment zones above each line of banks. The forest trees are planted either on,

just below or just above the banks.
 

In most cases, and especially where the soil is compacted or a hardpan occurs nearthe surface, deep subsoiling or ripping should be carried out prior to the construction ofthe bank. The subsoiled band should be broad enough to extend on either side of the bankto loosen the soi. throughout the tree root Thezone. existing vegetation should beeliminated by grubbing, hoeing or disc-harrowing and should be spread as a mulch round 
the trees after planting.
 

The height of the contour banks is determined by the estimated quantity of runoffto be contained after each heavy rainfall. Where there is a possibility of high intensityrainfall, the banks should be provided with devices for spilling surplus water into
prepared channels or drainage ways. These safety-valve spillways should be strongly
constructed to resist the scouring of breaches in the banks and should be large enoughallow an ample safety margin to cope with storm runoff flows. 
to 

The construction of such extensive earthworks is too arduous and too costly to becarried 	out except by heavy earthmoving maohinery.
 

Under arid conditions tree planting in simple holes 
without 	water conservation measures rarely succeeds, unless facilities exist for watering or irrigating the trees
throughout 
the dry seasons until the plantations have become fully established. 

Mdthode Steppique 

In recent years the increasing availability of specialized agricultural and heavymachinery has enabled foresters in arid and sub-esert zones to attempt afforestationprojects in areas formerly considered technically unplantable. Some of the mostspectaoularly successful arid zone afforestation has been accomplished in Morocco and
Algeria, where techniques have been developed under the name m9thode seppique. 

Under the most favourable site conditions onin these countries (i.e. relativelydeep, level or gently sloping soils with annual rainfall of 300 - 500 mm spread over fivewinter months), site preparation is confined to deep subsoiling with a heavy rooter fittedwith 2 or 3 tines penetrating to depths of 60 -	 80 om. The area is subsoiled in continuouslines in one direction, and sometimes by passing the machine in oriss-oross lines. Thesuibsoiling loosens the soil to such an extent that all rain water is absorbed. Trees arethen planted at spacings of at least 3 x 3 or 4 x 4 m. Under certain oonditions, subsoilingmay be dispensed with altogether, it being suffioient to cultivate the land with agrioultural implements to break up the soil surface and to destroy existing vegetation. Most of
tus 	 inthe extensive Luc plantationsthis way.	 the Marmora region of Mrocoo were established in 
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More commonly, subsoiling is accompanied by the construction of banks or ridges 0.5 
to 1.0 m in height with bases 2.0 - 3.0 m wide. These banks are pushed up by heavy crawler 
tractors (150 - 230 hp) carrying bulldozers or angledozer blades. The smaller 0.5 m banks 
are made by traversing on the contour with an angledozer, returning on the same line with 
the blade angle reversed. The larger banks are made by bulldozing soil from the land lying 
above the line of bank in a series of backward and forward movements. The strips between 
the banks may be further subsoiled if necessary. On gentle slopes, the banks are often 
made in broken, staggered rows, forcing surface runoff downhill in a zig zag direction 
through the staggered gaps, effectively spreading the water for improved absorption by the 
soil.
 

Although in some areas, for example Cuba (Masson,1973), subsoiling is done on slopes 
up to 40%, the practice is generally confined to slopes of less than 25%. The method used 
for steep slopes is the construction of narrow terraces out into the hills by angledozers 
(e.g. the "oatastrip" method used in Cyprus described on page 84). A subsoiler can be 
subsequently passed along the bed of the terrace once the angledozer has complked forming 
the terrace.
 

Trees are normally planted partway down the slope of the banks corresponding to the 
original soil level. The mass of loose soil forming the bank favours easy penetration by 
the tree roots, and experience has demonstrated that trees planted on the banks grow 
oonsiderably better than those planted on land which has only been subsoiled. 

In areas subject to strong desiccating winds it has been found expedient to plough 
deep furrows (in Algeria the single share mould-board plough is preferred) and to plant 
the trees in the bottom of the furrow. This provides good shelter from the win,! during the 
first one or two seasons. A combination of banking and deep furrowing provides even. better 
protection from the wind. 

Emphasis must be laid on the necessity for removing all vegetation from the 
plantation area ana. for keeping the surface clean weeded for two or three years after 
planting until the trees are well established. The xerophytic vegetation is usually 
deeprooting and has a strong and persistent capacity for re-sprouting. It is, therefore, 
essential to uproot this vegetation as far as possible by diso-ploughing or harrowing or 
by hand grubbing where the vegetation contains a high proportion of woody species. Hand 
grubbing is laborious and expensive; mechanized clearing is easier, and for this, 
specially adapted subsoilers (rasettes) are available which are fitted with a forward 
projecting cutting blade spanning the pointF of the subsoiler's tines. As the tractor 
progresses, this blade passes horizontally tnder the ground and severs the roots, turning 
up the stumps in the wake of the subsoiler. The root plough attachment for crawler 
tractors has a similar function but with the primary purpose of cutting root systems. 

The main site preparation in eastern Morocoo is subsoiling, using very heavy 
tractors (230 hp) pulling 7 - 10 ton rooters capable of breaking up crusts and hardpans 
to depths of 70 and 80 cm. The oonstruotion of banks is usually omitted, except on the 
limited areas of deep soil free from hardpan where a large plough capable of opening 50 
cm deep furrowsis used to throw up contour ridges on which the trees are subsequently 
planted. Over most of the zone, the large plates of rocky crust turned up by the rooters 
are such as to make mechanical cultivation of the surface impracticable. The trees are 
planted in basins made by hand at the intersection of the subsoiled lines. Special care 
is taken to keep all plantations olean-weeded for two years, either by wheeled tractors 
with diso-harrows where ground conditions permit, or otherwise by hand. These plantation 
methods have enabled Pinus halepensis plantations to survive a year of extreme drought 
when no more than 64 mm rainfall was recorded. 
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IRRIGATED OR IRRIGABLE SITES
 

General Considerations
 

Irrigated tree planting is generally associated witb arid sites where the annualrainfall rarely exceeds 200 mm or with semi-arid sitest where the rainy period is short,both resulting in long periods when 	 issoil moisture deficient. Under such conditions,
indigenous forest growth is either absent or limited to xerophytic species with very desptaproots and strongly developed transpiration contrcl mechanisms. Such areas have an
extremely low productivity and are usually of limited economic interest.
 

Some desert or sub-desert lands, however, have proved suitable for the productionof economic forestry crops using irrigation. Notable developments of irrigated treeplantations exist in the Sind Desert of Pakistan, in Iraq, in Egypt and in central Sudan. 

Apart from the desert or semi-desert regions, irrigation has also been associated
with the culture of poplars, and to a lesser extent of w llows, in regions characterizedby a relatively high wirter or seasonal rainfall alternat.iag with a pronounced dry summer season, such as in the higher altitude districts of the Mediterranean and in countrieswith continental climates. Under these climatic conditions, the soil moisture regime is
normally not a limiting factor to tree growth, 
 except for such fast-growing species as

poplars, which require moist soil throughout the year.
 

Growing forest trees under irrigation has developed from row and ornamentalplantations in agricultural areas, and most forest irrigation methods have adapted methodsused for the field oops grown in the same locality. However t in recent years forestresearch has questioned the advisability of following these agricultural methods tooclosely. Some of the questions to be answered by research into irrigated silviculture are: 

i) 	The optimal yearly consumptive use of water (i.e. crop water
 
requirement) for each species, that is,the quantities and timing

of water needs. The water requirement varies with climate and 
species and even for different provenances within a species; 

2) 	 The best methods of applying the water to the landt giving due
 
consideration 
to such factors as conveyance loss, deep percolation
as well as future weeding and thinning, and the exploitation of the 
crop;
 

3) 	 The response of indigenous and exotic tree species when grown under 
irrigated conditions.
 

Plantations in Irrigated Agricultural Projects 

Due to the high cost of initial establishment, irrigated plantations will only besupported in a few regions where there is a 	 of wood orserious lack where other considerations, such as prevention of erosion or desertification have to be taken into account.
Most often, irrigated forests will only be considered as a by-product of an alreadyexisting scheme, and under such conditions the extra cost of irrigated wood production
can be kept within an acceptable range. However, where forest plantations are established
in irrigated agricultural projects, the irrigation layout will normally have been designedto suit the rhythm of field crop cultivation. The forester is thus obliged to adapt hismethods to this rhythm, which may not be ideal for growing trees. Many irrigated
agricultural systems are also based on a certain crop intensity; nowever, forest
plantations may need water more or less oontin-,ously thtrough the year, therefore the areassuitable for irrigated forestry are bost located on sites accessible to the main arterial 
canals which carry water throughout the year. 
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Sometimes irrigation water is out off for considerable periods of the year 
depending on the seasonal flows of source rivers t the storage capacity of reservoirs or on 
water usage rights operating downstream. In Pakistan some irrigation schemes in the Indus 
Plain provide water for only six months of the year; for the rest of the year crops depend 
on residual soil moisture. Treaty arrangements between Egypt and the Sudan limit the water 
withdrawal from the Nile River during certain periods of the year in the Sudan. In the 
Gesira irrigation project and others dependent on the Nile water, no irrigation water is 
available at all for three and one-half months (mid-March through June) during the hottest 
time of the year, which means that only tree species capable of adapting to this inter
vening drought period can be used. 

Most of the older irrigation projects were designed for agriculture without thought 
of forest crop production. As a result, forest planting was often relegated to sites 
unsuited for field crops or adjacent to tke tail end of irrigation canals. On such sites 
water supplies are often irregulart sometimes in excess - leading to waterlogging - and at 
other times deficient when the water needs of field crops take priority. 

In some more recent irrigation projects, the need for amenity planting lumber,
 

and, more particularly, fuel wood for the project communities has been recognized. 

Irrigated Afforestation Projects
 

Although most irrigated afforestation work is assocated with existing agricultural 
schemes t sometimes an irrigation system is created solely for production of forest 
plantations. In northern Iraq, for example, a number of plantations have been established 
in "Ahrash" scrub lands forming broad strips along the banks of the river Tigris and its 
tributaries; these are irrigated by water pumped from the river. Similar plantations 
exist in the "Gerf" areas flanking parts of the Nile in the Sudan. 

In this type of project the forester is responsible for the layout, construction 
and operation of the whole irrigation system and though this involves engineering skills 
outside his normal training, it has the great advantage that he is able, generally with 
some expert assistance, to design a system to suit the special needs of the tree crops. 

The Influence of Soils 

Two soil characteristics govern the choice of an irrigation method and also the 
quantity of water applied and the frequency of irrigation. These are the rates at which 
water will enter the soil (infiltration rate) and the capacity of the soil to hold water 
for use by the crop (waterholding capacity). Sandy or gravelly soils are most easily 
penetrated but hold much less water than a medium or heavy textured soil. 

The presence of a water table can also provide a reservoir of soil water for the
 
tree roots t and once they reach this depth they can grow without or with much less 
irrigation, provided salinity is not a problem. For example, in the Khartoum greenbelt 
afforestation project, the heavy clay soils restrict water percolation through the surface 
layers so that an intervening dry layer between the groundwater table and the wetter 
surface zone prevents tree roots reaching the water table.
 

Salts are always present in the soil and in irrigation water. If these salts are 
allowed to accumulate in the upper soil they can damage and prevent the growth of crops. 
Daring irrigation, additional water is necessary to ensure that these are leached below 
the crop root zone. The danger of such salinity is also acute where drainage problems
 
oocnr. Wherever the soil is saline it may be necessary to plant only those tree species 
known to be tolerant of soil salinity; it may also be necessary to equip the project area 
with a complementary system of drains capable of drawing off the salts dissolved in 
irrigation water. Where saline soils exist, it is advisable to leach these out prior to 
planting. In certain cases it may be possible to grow a field crop such an barley, during 
the leaching period which can help to offset the costs involved. 
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The foregoing underlines that a thorough soil survey is an essential prerequisitefor designing the irrigation layout and for selecting the species to be planted. 

Irrigation Methods 

Of all irrigation systems, surface irrigation is the cheapest and the one best
adapted to tree crops. It can be practised by using either the basin, furrow or border
methods, of which the first two are most commonly used for plantations. In the flood orbasin system, the water is spread evenly over the surface of the ground; in the furrow 
system the ground is wetted by lateral infiltration. 

Flood Basin and Border Irrigation 

The basin method is most suitable on gently sloping land with a more or lesssurface. It consists of a series of medium-size basins with 20 to 30 
even 

m sides surroundedby earth bunds. The basins are filled up one after the other with 10 to 20 am of waterdepending on the soil' s water-holding capacity. 

The border system of irrigation is similar to the basin method but is designed forsmooth sloping surfaoes. Rectangular plots 15 - 30 m wide and 100 - 150 m long areconstructed in the direction of the main slope. The plots are separated by earth bunds20 cm high. Ditches run along the upper edge of each plot, and the water flows down thewhole surface into the drainage ditch at the bottom. 

Another variant of basin irrigation is very frequently used for poplar cultivationin mountain valleys, where the land is levelled in a series of terraces following thecontour line. The water enters at the top of the series and each basin is successivelyirrigated from spillways constructed in the bunds of the terrace above. 

Furrow Irrigation 

In this system furrows are constructed leading off from the feeder ohmnnel inparallel lines spaced at sufficient intervals to wet the tree rooting zone. The spacingbetween furrows and their capacity therefore depends on the permeability of the soil* 

Poplars respond well to 
irrigation. Those shown 
here on the Rhab Plain, 
Moroooo, are four years 
old. (FA0 photo) 

S ,. 

~.- ke 

p k, 
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As a general rule the heavier the soil the larger and the wider apart the furrows will be; 
the opposite applies in more porous soils. In the heavy clay soils of the Iartoum 
greenbelt plantations, the furrows are normally spaced at 2.5 m intervals, but following 
recent investigations it has been found that adequate wetting of the root zone can be 
obtained by furrows 6 m apart. 

This system has special application in elevated areas within irrigation projects 
too high to be reached by the normal gravity flow irrigation. Provided the ground is not 
more thaif about 1 m above water level, deep and wide furrows are made, and the trees are 
plante'on the sides or banks of these furrows. This method is used in Iraq, especially 
for plantations of pomegranates and other fruit trees, as well as for plantations of 
Eucalyptus and Casuarina. However, the digging of such deep furrows by hand is costly. 
Another major disadvantage of this method in forest plantations lies in the obstruction 
the furrows offer to the passage of tractors and implements, for example, during inter
row weeding operations. Such a cub-irrigation system can also oause severe waterlogging 
and salinity problems. 

Trickle or Drip Irrigation 

Triokle or drip irrigation is a modern, complex, precise method of irrigation which 
is being developed for agriculture and horticulture but has recently been adapted for the 
establishment of tree crops in areas where there are adequate financial resources to meet 
the high costs. The main benefits of this method are that it reduces water loss, produces 
good crop responses, optimizes fertilizer use and results in less weed growth. In 
experiments in Pakistan, drip irrigation used only 22 percent as much water as furrow 
irrigation and 15 percent as much as flood irrigation. The main limitations are the high 
costs compared with furrow irrigation; the high level of skill required for design, 
installation and operation; moisture distribution problems including the sensitivity of 
equipsint to clogging, and salinity hazards (FAO, 1973). 

Trickle or drip irrigation is a watering system where water is distributed to 
points without atomization and without soaking the land. The density of the watering 
points can be arranged to allow the selected subsoil to be suitably moistened, while the 
greater part of the surface soil remains dry. Water delivery is by polyethylene or other 
forms of plastic pipes fitted with "drippers" or "trioklers" which deliver a suitable flow 
at low pressure, normally within the range of one to two atmospheres. The pipe system is 
often buried in the soil to apply moisture at prescribed rooting depths, but under certain 
conditions it may be on the surface, allowing easy removal when necessary. Clogging of 
drippers is a common problem, and there are a number of approaches and types of drippers 
to reduce this difficulty. 

Water-requirement of tree cops 

Water requirement is the depth of water needed to replenish the available moisture in the
 
7oot zone, depleted by evapotranspiration. The water required to enable a forest plantation
 
o grow at optimum rate will vary from season to season; it will increase with each succeeding
 
rear of the rotation until full crown cover has been attained. If the groundwater table is clost
 
;o the surface, requirements will diminish once the roots have reached the ground water.
 
like agricultural crops, different tree species have different water requirements, depending
 
Largely on their transpiration control mechanisms.
 

Crop water requirement, whether of agricultural of forest crops, can be computed using
 

;he following formula:
 

ET crop = Kc. EMo 

ihere ET crop is the crop water requirement in mm over a given period of .time (i.e. the. 
3vapotranspiration when soil water supply is non-restricting); F'0 is Tihe ereference eva
)otranspiration in mm over the same period; and Kc is the crop coefficient For a fuller 
lescription of the method see FAO 1977a. 
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i.-rorence evrot;.r,.pir icn (ro), is defined as "the rate of evapotranspiration from an 
Octoj.iv, shcrb tre,:n cover covp.et.iy iuidx:. the gar.d &nd adequately supplied with 

pir'-,.. :or::uae have weer. devioe- for calculatir, .. o. Cordon r.ethoes arc () 
.. .*;',y-'r'. , :ethos .hdcr i:iused w'-en only temperature data ,areavailable; (i I 

t;.: r- t.,t' r. .. wa-c, 10 u:Ied whorr. available cliratic dLti include easured air ter
;r:,';re ar.-I 3,:n3ir.e, clo;d-.e -r radiatior.; (iii) the -er.r"Ln menthod which is used 
,..or ,-..iur, ;, Cr. hu.dity,?,..i.erd'i.r:, "-ind and ounshire or radiation are available. 

tr_ l'_-_c_r. '_c,. r.. a*-er requirc:ent in affected by several factors including
,rop 	cLarac:teri.i,ti:t:'.:;, of Crow-h, ar.d tne prevwilng weather conditicns. Values of 
Kc t"ve !eer. e!o .:Q:lae:t icr vei-etable and fruit tree crops. Using the Kc values for fruit 
treeti as, rc -¢j' euti..tte cf the coefficient for lcw-transpiring trees would be 
about C.'; ,:: -tr..p-rir.r trves wouln rave a coefficient around 0.9 or more. For exabpl(

in suhtropicl (7ir,ten ;,it:i dinter rair.fall, .Ao is about 1,CCO - 1,3CO r.m/year, and tle 
crop coefficient f,-r ioo-tr.inupirinj, fruit trees ouch as citrus reaches a maximm point
in .. yof ar-:u. C. 1; . crop would then be approximately 700 - C. r/year. Olive 
trees, wnicn ae well moar. for their very low transpiration, would have an estimated crop
coefficier;t of (... - 0., ;Lrd tne 1T crop would consequently be sonewhere betweer. 40C and
4.iO r-m/year. {irn-trrspirng tree species mty have considerably higher Kc values. The 
water requiremLenta for optamuz growth of forest crops havebeen inadequately studied.
 

Irrigation rquirente of tree orops 

The rain purpose of irrigation is to prevent lack of water from limiting tree growth.
The net irrigation water requirement of a tree crop can be computed by the following 
formula: 

In * 	 -T crop - (Pe + Ge + Wb) 
(losses) (gains) 

where 
 In u 	 net irrigation requirement (am/period of time) 
ET crop - crop water requirement ( , , 
Pe a 	effective rainfall 
 " " " 
Ge -	 groundwater contribution " " , 
Wb a 	stored soil water at the beginning of each period.
 

Effective rainfall (Pe). Not all rainfall is effective as part of the water is lost by

surface run-off, by deep percolation, and by direct evaporation. That part 
of the rain
 
which penetrates the soil and is effectively available t., the trees is defined as the
 
effective rainfall. Effectiveness of rainfall depends A. its intensity, amount and fre
quency.
 

http:covp.et.iy
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Groundwater contribution (Ge). Groundwater can contribute to the supply of water to trees
 
when it is within reach of the roots. It is therefore useful to determine the depth of the
 
watertable in relation to expected tree rooting depth. Watertable depth often varies season. 
ally, and seasonal measurements are therefore required. When the groundwater table is clos, 
to the surface, e.g. in valleys, mature trees generally do not require irrigation; in such 

cases irrigation may only be needed for the establishment of young plantations, and can
 
cease when the roots of the trees reach the watertable.
 

Stored soil water (Wb). The storage capacity of the soil is t'he quantity of water
 

available; it ranges between field capacity (soil water tension 0.2 atm.) and wilting
 

point (15 atm.). The quantity of water that can be stored depends on the -oil texture; 
heavy soils store some 200 mm/M, medium textured soils some 140 mm/m, and light textured 
soils some 60 mm/m or less. It will be noted that use of the above formula will, theo

retically,cause Wb to be zero for all successive irrigation periods except the first. 

In irrigation, the rate of soil water uptake by the trees and the storage capacity of
 
the soil play a very important role in determining the depth and frequency of applications.
 

Heavy soils may receive large applications at extended intervals, whereas light soils re
quire smaller applications at more frequent intervals.
 

Relatively little research on net irrigation requirements has been carried out for
 

forest plantations. In Pakistan, experiments have shown that the optimum amount of water 
for Dalbergia sissoo (the most importantplantation species) lies between 900 and 1,350 mm, 
applied at fortnightly intervals through the six-month irrigation period. The non-availa
bility of irrigation water during the other six dry winter months limits the selection of 
species to those which have an extended period of dormancy. 

In the Sudan, investigations on net irrigation requirements in Eucalyptus microtheca 
plantations in the black cotton soils of the Gezira indicate that 2,400 mm per year, 
applied in 13 irrigations, give good results. The irrigations are made at fortnightly 
intervals during the period July to December when irrigation water supply is unrestricted, 
and at 6 week intervals from January to I-arch when water is in short supply. From mid-
Harch to June no irrigation water is available under the Sudan-Egypt agreement. The rain
fall, which is 230 - 450 mm per year, falls mostly in the summer months from July to Sept
ember. Investigations carried out in the Khartoum greenbelt indicate that best growth 

results when annual irrigation is about 750 mm/ha/year, although mean annual rainfall is 
less than 200 mm. Higher irrigation rates lead to waterlogging in the heavy alkaline clays 
in this area, and to reduced growth. 

In Turkey, scientists working at the National Poplar Institute calculated the water 
in the differentrequirements for poplar plantations at a large number of stations located 

climatic regions of the country; the calculations took into account precipitation, normal 
shade temperatures, humidity, Gaussen's Coefficient, and calculated global radiation.
 

Irrigation is normally necessary between May and September, increasing gradually up to July
 

and August (the hottest and driest months), and thereafter decreasing. The highest water 

requirements of about 1,000 to 1,100 mm, for the six-months irrigation season, occur in the
 

Diyarbekir region in southeastern Turkey. No irrigation is needed at Rize (in the north

east Black Sea coastal region) where well distributed annual precipitation averages 2,440
 
mm and exceeds the calculated maximum evapotranspiration. For most poplar plantations in
 

Turkey net irrigation water requirement is'between 500 and 700 nm.
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The above figures refer to net irrigation requirements. Grossmay need irrigation requirementsto take account of leaching requirements (additional waterand beyond the root req-1red to flow throughzone in order to prevent salinity build-up) and of the efficiency ofthe delivery system. 

becoms to limteu water availability 
Very little is known of the comparative response of different tree species to limitedavailability of soil water. 


gation 
Yost studies have been related to "optimum" levels of irrito produce "optimam" growth rate. In cany dry areas it bemay necessary to limitwater availability at certain seasons to lees than the "opticuW". Yore researchon the response of different species to depletion of soil water, 

io needed 
expressed as a reductionin the rates of transpiration and of growth. 

PlmAina the LAyout of Irrigated Plantations 

-0 already noted, forestry is usually anoillary to agriculture in irrigationohemes, and the setting up of irrigation purely for plantations is an infrequentoccurrence. Piannin and designing the layout of an irrigation projectskilled, preoise is a highlyand demanding task, and it is necessary to call upon high expertisespeoialist andadvice if an adequate and saoeeefl project is beto prepared. 

Following is an outline of seie of the factors influencing the layout and extent
of irrigated plantations
 

1) Gross area commnded by the main oanal. This is composed of(a) the gross irriable area, where irrigation can be developedand (b) the non-irrigable area, all land which is unsuitable forirrigation. The gross irrigable area is composed of the netirrigable area and the area needed for the roads, water channels 
and buildings. 

2) Availability and seasonal variation of water supply in relation 
to the estimated water requirement of the species seleted. 

3) Qwality of the irrigation water, particularly as regards thequantities of salts or other toxic elements.
 

4) Topepraphy. The most suitable sites 
are on level or gentlyslcAng land. Steeper slopes or land with many undulations andsrafa irregularities add to the complexity of the waterdistribution soytem and the cost of levelling work. A detailedtopographical survey with 1 metre oontour lines is an essential
preliminary to planning the layout of the whole project.
 

5) Soils t with particular reference 
 to their permeability, chemical 
status and ground water formation. 

The main layout plan
the main canal 

should delineate on the topographical map 1) the course offrom its head, or water intake point,land. to be Irrigated, 2) the direction of the main 
to the highest point oommanding the

branch caals within the boundariesof the total area oeeanded and 3) the location
for irrigMtion or planting. A detailed soil 

and extent of enclaves of land unsuitable 
graphical map. Pinally, the layout of future 

survey map should be imposed on the topo
blocks plantation oompartments and irrigationshould be determined so that the delivery capacity of theeash branch canals servingirrigation block can be correlated with the areas watered, the periodicity ofirrigation and the water need of the species planted. 
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Preommaio of the lAnd and ConStruotion of the Canal SjMtem 

After olearing of existing vegetationt the whole area should be roegly levelled. 
The object of land levelling in to raoh a good uniformity in water application by an even 
flow of water over the @oil surface. Howover, a tree crops seldom support the extra co t 
required for full land lovelling, it is roomandod that lands be ohosen with a slope as 
even as possible and that levelling be limited to a simple ope'ation"of smoothing out only 
the main irregularities. 

The next operation in to mark out and oonstruot the main distributor ohannels and 
the road network. Dulldosers and graders, if available, are sutable for levelling and 
for pushing up embankments* Channels oan be opened by double mould-board drain plogho or 
by excavatorst depending on the sze of the ohannol required. Pinally, the network of 
smaller ohannels feeding each ompartment or plot muoh be oontruoted. 

Before planting, it is essential to oarry out trial or teat irrigations to expoee 
any faulto or low places in canal and ohannel networks and also any areas within the 
compartments in need of further levelling. 

Flow Capaoittet in Irrigation Channels 

The rate of delivery of water in a channel is a funotion of its cross-section 
dimension, its grade and the amoothness of the surface of the channel bed and sides. The 
flow is usually expressed in "cumeos" (cubic metres per second) or "ousoo" (cubic feet 
per seoond)(i ft3 - 0.0283 m0). There are various forms of gauges which can be installed 
in the channels to measure ".eUlvery rates, but in the absenoe of these a method of 
etinating io to mltiply the oros-seootion area of the ohannel up to the ,itted perimeter 
the part of a channel which is wetted by the flow of water) by the flow velocity 
obtained by etop-watch timing of a floating cork over a measured distance of channel). 

This will give the volume of water pasoing a given point per oecond. This nominal figure 
must then be diminished by mltiplying by a coefficient representing the drag on the flow 
exerted by the routhnoe of the side of the channel* This coefficient will depend on the 
mootness of the walls and of the dimensions and gradient of the channel. A a&?o'uh 

guide the coefficient for a ohannel with a gradient of 1 to 5 000 would be abouts 

Concrete lined channels 0.80 

Clean earth channels 0.70 

Channel walls, grassed-over 0.60 

Channels obstructed by fairly 0.50 
donse vegetation 

In the case of unlined ohannle the coefficient aloo includes allowance for losses by 

Sluice Oatoos Off-toke Rogulators and Syphon8 

All distribution channels require sluioe gatoe or off-take regulators constructed 
at all points where subsidiary channels branch off. These are preferably constructed in 
concrete or masonry but are sometimes made of wood. The simplest construction consists 
of a sliding gate which can be raised or lowered to control the volume of water entering 
the subsidiary channel. 

Concrete syphons are used at road crossings whenever irrigation channels ae at the 
sm or at higher elevations than the roadway. 
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Pumped Irrigat ion 

Situations ooour when land dbtined for irrigated plantations lies above the level
of the wator souroo. 
 The water must then be raised by pumps to the level of the main

irrigation oanal.
 

Irrigation pumping usually requires large flows under low heads. The pumps best
suited for this kind of use are of the prooeller or mixed-flow type. They san lift from
1 m3/s to 10 m3/a or more under heads of 3 to 10 m or more if several stages are used.Several pumps, preferably of similar design, should be used to provide the total flowneeded for the irrigated aea, 
and if tes. operate on a 24 h per day basis, an extra
pump should be on hand in oase of breakdowns. These pumps usually have a very good overall
effioienoy. 
Their rotation speed is low and they are able to operate for long oontinuous
poriods of time without damage. Their wear is very low and they oonsequently have lenglifetime of up to 20 years. aThe propeller or mixed flow pumps arn large z,d must be
installed in sturdy puping plants espeoially oonstruoted and adapted to the type of pump
used. In the upper part of the plants the engines are looated on a very strong floor
to support their weight. Undirneath oomes an intermediate level ompooed of various
vertioal oasingo through which the water flows up and out of the station. The lower part
is where the large pumps are installed. The indiv..dual impellers must be at a suffioient
depth below the minirt water level to proteot the pumps from the formation of vortex and
from oavitation effeots on 
the blades. 
Intake grids should be installed in front of the
pumping plants to keep any large floating matter from entering and damaging
Likewise there must be gatee the pumps.
to isolate each pump for maintenano or repair virposes.
 

Muoh smaller pumps san be used for very mall irrigated areas. They can be eitherof the vertioal or horizontal type, but in the latter oase the intake pipe should be a.
short and as olose to the water as possible. 
 Cheek valves should be installed at their
foot to reduoe any problem of suotion.
 

Road Networko 

The road network 
ohannel 

must be planned and oontruoted simultaneously with the irrigation
eystem, so that the number of bridges, oulverts and syphone are kept to a minii.
All main oanals and distributaries should be provided with roads to allow acess 
 for oanlmaintenance operations, and no roadside avenue trees should be planted whioh might
subsequently impede the passage 
 of canal oloaring maohines, a preoaution that is frequently

overl oeked.
 

Establishment 
 Costs of Irrigated Plantations
 

Establishing an irrigation ooheme is always very oostly.irrigation At 1966 ooste simple surfacwould require an initial investment of at least USS 1 500 per hootare. The majorexpense item is the coot of oonstruoting the canal and road network, espeoially if the whole
oost of the oanal oystem is inoluded in the forest budget. In existing irrigation sohemes
for agrioultural development, the oapital oharge for the onstruotion of the main oanal and
distribution network is born entirely by the irrigation authority, whioh may or may not
oharge a rate on the water supplied to the forest authority. In the Indus Desert in
Pakistan, forest plantations paid an irrigation water rate per heotare; 
 but in the Sudan,
irrigation water in the Gezira and greenbelt plantations, is provided without oharge to the
forest authority, whioh is therefore oonoerned only with the layout of seoondar7 
feeder
ohannele within the plantation.
 



SAND [INE SIES
 

General Considerations
 

Vast areas of instable sand dunes occur throughout the world in all olimatic 
regions wherever regular strong winds and friable topsoils occur. Some areas of sand

drift originate along shore lines with wide 3tripe of sandy beaches, and at times of 
strong winds the sand is blown inland to form what are called maritime dunes, as distinct 
from continental dune formations, which have no relation to the sea and usually result 
from the destruction of the native vegetation by cultivation or overgrazing. Noteworthy 
examples of continental dunes occur in the "dust-bowl areas" of central U.S.A. and in the 
semi-arid sandy steppe lands of the lower basins of the Don and Volga rivers in U.S.S.R.
 

When wind erosion occurs, the coarser particles of sand or soil are carried close
 

to the ground surface, about 90% of the material within 30 cm and so.e 57% within 5 cm of 
.he surface. These particles move in a series of bumping movemeto and induce movement 
it. other particles in a type of saltation process. Sand dunes ,r hillocks form. as the 
b:owing sand encounters bushes, trees or some obstruction capable of creating turbulence.
 

T.is turbulence reduces the carrying force of the wind to both the windward and leeward 
sides of the obstacle, causing the sand to be deposited in mounds until the obstacle has 

been completely engulfed in the dune. Dunes extend in the direction of the wind as sa.1d 
is blown up the windward face of a dune over the crest and again deposited by turbulence 
on the leeward side. Rates of advance of as much an one metre a month during periods of 

very high winds have been observed. 

Drifting sand can become a menace by encroaching on agoricultural land or by 

blocking canals and lines of cocritnication, or even by engulfing habitations. If, however, 

the drift sands can be stabilized, experience shows that they can often bc successfully 
afforested and can, under favourable climatic conditions, become very productive. The
 
Pinus pinaster forests !n southwest F'rance in Leo Landeo offer a good example of successful 
reclamation of a fomer waste of dunes formed by strong prevailing winds blowing in off the 

Atlantic in the Bay of Biscay. There are many other examples of successfully stabilized 

dune formations, e.g. those in North Jutland in Denmark, in Tunisia and in western Libya 
w,ere the fixation and afforestation of vast areas of both maritime and continental dunes 
are among the principal tasks of the forest services. 

Drift sands, though generally poor in nutrients and often devoid of organic matter, 

usually hold moisture well. Even in very arid areas, where annual rainfall seldom exceeds 

200 m.m and is confined to a short rainy season, the sand remains moist at depths of 50 - 60 
cm although the surface layers become desiccated by evaporation. An exception is free 
draining sand, where water percolates rapidly through the soil and under extreme conditions 
the available soil moisture is insufficient to support tree establishment. The basic 
problem in drift sand afforestation is to fix the moving sand for periods long enough for 

the youtig trees to beccme established. Once established, the plantation is able to provide 

its own shelter effect within the planted area and in course of time to enrich the sand with 
the hums from decaying leaves, providing of course, that sand from outside the ai,. is 
prevented from engulfing and burying the young plantation. Sand drift stabilization, 
therefore, involves attempting to provide barriers or windbreaks at the windward source of
 

the drifting sand and thereafter to prevent the sand from Movements caused by eddies and 

turbulence within the zone sheltered by the windbreaks.
 

Fortunately there are periods during the year in most sand drift areas when the 
lulled or when heavy rains give some temporary
sand is not in movement, when high winds are 


cohesion to the surface layer. Such periods of rest may be of sufficient duration to
 

encourage the survival of indigenous vegetation, which can spread fairly rapidly over the 
surface once shelterbelts are provided, aiding considerably in the prooesses of stabilization.
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In very favourable conditions where regular, well-defined high wind period.interspersed with relatively log intervals of heavy 
are 

rains and warm temperaturest it mayeven be possible to stabilise moving sand,
growing Ppeoies 

simply by planting trees of well-adapted t fastduring the wind free periods. Suoh appears to besand-drift areas of huthern Viet Nam, where 
the oase in the ooastal 

the dunes oan be stabiliNed by plantingof Casuarina without rowsthe neoessity of employing any other speoal fixation teohniques. 
In general, however, tree planting oannot be suocessful unless spej' measures
 

are first taken to prevent reduce
or sand movement.
 

Sand-Drift Pirution Method.
 

?e first stop in sand firation is to identify the sources 
of the blown materialand, if possible, to create barriers to prevent or oheck any further invasion of thismaterial. Such primary barriers or sholterblts will normally have to be repeated inseries at intervals downwind from souroethe area inthe main force of wind is order to create sheltered zones wherebroken up into turbulent eddies having only & looalizeion the surface. actionThe second stage in the stabilization process is to protect the surfaoefrom this relatively localized scour and dUpcuit efreot of air turbulenoe within theshelter zones. This seocndary proteotion san be achieved by a variety of methods whioh 
act, in effect, surfaceas mulches. 

Primary Proteotive Barrirs 

Where ooastal besuohes are the source of the blown sand,frm the normal practioe is toa littoral dune along the shoreline. This is done by ereoting a oontinuous butpermeable fenoe cf posts, fasoines or any other material oonvenient to the site. As theblown sand aoiaulates and buries the fence a similar fence .s construoted along the topof the dune on the windward side of the orest, and as this is buried in sand a third maybe constructed and so on. In a few years littoral dunes can be built in this way up to10 metres in )sight. If neeoesary, several parallel lines of dunes oan be oonstruotedalong the ooaat, and the hollows between them stabilized and planted with ground vegetationand belts of trees to form a first line defence against the invading sand. The speciesused in the first shelter belt should be windfirm and tolerant of salt spray carried in
shore by the wind. 

At aitarere, New Zealand, a helt of Pinus radiata stabilizes coastal sand dunesand protects adjoining "oultural land. Marran grass was planted on these dunesprior to tree planting. (New Zealand Forest 3servie photo). 
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The soaroe of windblown and forming continental dunes are often lose simple to 
control than in the om of maritime dunes. The sand may be pioked up from wide stretohes 
of cultivated plains or, a in the case of North Africa, from rainless deserts, Bush as 
the Sahara. The logical first stop, therefore, in to try to remedy the conditions oausing 
the exp..urz of the @oil to wind action. This may be acomaplished by stubble mulohing in 
grain growing areas, by ocontrolling excessive grasing and by sytematio planting of wind
break@ in the farm and pasture lands where the topsoils are liable to wind erosion. Even 
where such measures are not possible, am in the Sahara, it may be feasible by systematic 
reconnaissanoe to discover points where the topography sauses "wind-funneline effects. 
A range of hills may form a barrier to the drifting sand which, however, succeeds in 
penetrating the barrier at some low-lying point or where streams or torrent beds have out 
passages through it. $Aoh points offer possibilities for stabilization by the formation 
of proteotive dunes across the direction of the wind using methode similar to those for
 
littoral dunes. 

The main objeotive in creating such barriers or shelterbelts is to reduce the
 
force of prevailing winds t, le than 18 - 25 km/h, which is the threshold velocity at
 
which soils begin to move. A great deal of the information acquired in the ocurse of
 
investigations of tree windbreaks in different parts of the world is applicable to drift
 
sand control and stabilization. In general terus these effects may be mun=arized as
 
follows!
 

1) 	The distance that protection extends to leeward is proportiona'e to
 
the 	heigit of the windbreak; "tien wind direction is at right angles 
to the line of the barrier, wind speed to leeward is reduced signif
ioantly for distances up to 20 tines the height of the barrier. The 
percentage reduction of wind speed varies also with the density of 
the windbreak and with the distance to leeward. There is also a zone 
of reduced wind speeds to windward, varying from twice to five times 
the height of the windbreak; 

2) 	 Wide windbreaks are not necessarily more effective than narrow es;l 
best results are obtained with those which are about as wide as they 
ar high1 

3) 	Evaporation is greatly reduced in the lee of windbreaks, owing to
 
reduced air movement and temperature and inoreaed atmospherio 
huAidity. Evaporation may be reduced for a distance extending up to 
24 tines the height to leeward of the windbreak. The reduction is 
proportionate to windbreak density, so that a permeable barrier, 
espeoially with a sparse lower level, is not as efficient em a dense 
one in reducing evaporation. This effect is of particular importance 
in afforeting sand drift areas in hot, semi-arid regions. 

&trfaoe Stabilization Method. 

Even within the shelter afforded by littoral dunes or windbreaks, wind velooities 
msay at times, and in some places be high enocugh tu cause sand movement. The effect of 
such movement, or sand blast, can be very damaging, especially to newly-planted trees. 
Eddies of wind may cause localized scouring and deposition so that some of the young trees 
are either uprooted or are buried in sand. It i!. therefore, almost always necessary to 
blanket the whole area with som sort of muloh;%., or a network of small windbreaks capable 
of stopping the sand from blowing. In recent years a technique of mulching the surface by 
spraying with Bitumen emulsions shows considerable promise of success and hes boon widely 
used in certain parts of the world. 
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Classioal Nethods
 

The method in most general use ia to cover the whole area with & ohequer-board
patten of minature windbreaks, which may ooaiot of stake and wattle fencing sme of outbranches or of stiff-stemmed grasses or canes. Sometimes the fenoes consist of livingplants. These fenoes or hedges vary in height from 0.5 to 2 metre' and may be spaced
apart from as nuoh as 40 metres to as cloese as 2 metres, in the latter case only one treeis subsequently planted in each square. When wider spacings are employed, it has sometimesproved neceosary to cover the surface of the ground with branohes, straw or grass cuttings
to give additional proteotion. 
Sometimes a surface covering of branohwood is sufficient in
itself to stop sand blowing without the need to oonstruot the squares.
 

In Tunisia all the methods desoribed are used. In spite of the protection of
littoral dunes, the maritime dunes are covered with a network of fenoing made of outbranches from adjacent maquio forests. Live hedges of Sacoharum aagtiaoum are planted
in s.ruareo of 15 m or 20 m and the soil is then mulohed witt. a layer of branohes. In Cyprus,on the other hand, a simple overing of branches was found sufficient protection forplantations of Acacia oyanophylla to survive the first year, after which the plantsprovided suffiolent over to protect the site. 
 Where conditions are not too severe, direct
planting of "sttunpo" of Acacia oyanophylla has oucjeeded in establishing a cover without 
the need of other fixation measres. 

This ol"9oal method of fixing dunes is usually costly, especially if out branchwood or cut Crass is not available olose to the areas to be stabilized. Even where
available the large amounts required may mean denuding one area to protect another.Fixation methods using live grasses or tree cuttings often delay the planting of main crop
species while waiting for vegetation or hedges to grow enough to stabilize the aurfaoe, and
once having done so, their roots may spread so far into the intervening space as to competeseriously with the forest trees. 
Hedges and fences in closely spaced squares also impedethe movement of men 
in the area, espeoially at tree planting times, and inevitably fences
get damaged so that gaps appear causing localized "wind funnel" erosion.
 

Dine SprayingTechniques 

Spraying shifting sand with fuel oil or bitumen products has been used as a method
of fixing blown sand in many countries. Such products and
are used in the United StatesKuwait, for example, for protecting highways against enoroaching sand, and in India and
Pakistan for fixing dunes which fill up irrigation canals. 
 In recent years spraying drift
sands in connection with afforostation ha. been developed on a relatively wide scale inLibya and Tunisia. The type of bitumen product used in these countries is available from
most of the oil companies. The Pakistan Irrigation Research Institute has recently
investigated the stabilizing effioaoy of certain 
of these proprietary products as comparedto some similar laboratory-prepared bituminous emilsions. These latter consist of bitumen,
potassium hydroxide and potassium carbonates with stearin pitch, vinool resin soap and 5%
bentonite slurry emraloified in water 
at 950C. When sprayed on sand such emulsions penetratethe curface layers and dry rapidly to form a crust on the surfaoe which gives completeprotection against wind. The depth of penetration varies to some extent with the productused, with the proportion of water in the mixture and with the quantities sprayed per unit
area. To be effective, penetrations of 1 to 3 om must be obtained. The spraying also hasthe effect of increasing the load bearing pressures of the sand by up to 20 - 30 tons per 
square metre. 

In Libya one oompany, working on contract for the forest service, has sprayedseveral thousand hectares of dunes, and similar techniques have been tried in Tunisia.Initially conventional tank trucks were employed which were especially equipped for desertuse to carry the oil into the areas to be afforeted. The compound was then sprayed overthe sand by hand operated lanoe sprays. To speed up the work the company developed a
special vehicle, a steel sled fitted with an 800 litre tank and wide spray booms, which istowed or winched over the dunes by bulldozer. 
In this way, the spraying equipment can 
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surmount the mout diffioult dune terrain leaving behind it a sprayed strip 25 metres wide. 
Eaoh vehicle can cover about 4 heota es a day and uses approximately 4 000 litres of the 
oil product per heotar.. In Libya the spraoying was found to nave toxic effeots on some of 
the plants used (generally Aoaoia and Iuoal-ytue) so spraying now precedes planting. This 
also enables spraying to be oarried out in seasons unsuitab)e for planting. In Tunisi% 
trials with the same bitumen product indioated that spraying after planting is more 
praotioableg sinoe it was not harmful to the young plants (Aosia and Pinuo). In areas 

sprayed before planting the movements of the men planting and oarrying plants to the 
planting sites oaoed so cuoh disturbance to the stabilized surfaco orest that its 
proteotive effeots were greatly diminished. 

Continuing experienoe will oertainly bring improvements in spraying teohniques and 
in the formulation of the stabilizing produoto used. Combined with the advantages of speed 
and lower ooaet, it seems likely that spraying teoniques will tend to replaoe the olaeeoal 
methods of dune fixation. This tendency is likely to be aooelerated if experiments in Libya 
for air-spraying a new type of ohemical stabilizer are successful. This stabilizer is a 
ohemioal adhesive oompound whioh ooagulates when it absorbo moisture and forms a thin 
stabilizing layer over the surface of the &unes. Seeding of the areas from the air at the 
same time as +.h ohemical stabilizer oould mean a complete revolution in the techniques of 
afforesting drift sands. Early records indicated that spraying teohniques were more oost 
efficient than the olassioal method of dune fixation. 

WET OR WATELOUGED SITES 

Wet sites are those in whioh the soil is waterlogged for the whole or the greater 
part of the year and oan only be afforeeted if the land ie drained. 

The vast areas of swamps and fens, supporting natural self-regenerating forests of 
hydrophytio species of eoonomio value, which ooour both in the tropioal regione and in the 
boreal ooniferous zone are exoluded from oonsideration here since the tree speoies have 
themselves evolved ways of overooming the difficulties inherent in this environment. 
However, there ar also equally vast areas of swamps and peatlands whioh are entirely 
treeless or only oarry an arboreal vegetation of low-value opeoies. Aooording to some 
estimates this area is as great as 200 million heotares. A large proportion of this area 
oould, after drainage, be afforeted with speoies of high eoonomio value. 

Apart from these large expanses of bog land, the forester is often faced with 
relatively amall marshy lands ooourring as sub-sites in a larger afforestation project 
on well drained soils. Suoh looal sites may occur in small depressions or on alluvial 
flats adjoining the banks of rivers, and their drainage may be required as part of the 
general afforetation plan. 

Whether water-logging ip a oharaoterietio of the whole area or only of some 
relatively small seotion, the teohniques for draining away the water and rehabilitating 
the soils are essentially the same. 

Sites Where Drainage is Practised 

Marshes with Rree-Standing Water 

Before soil drainage or soil drying oan be undertaken, standing water on the 
surface must be evacuated. This requires knowledge of the origins of the water ooming 
into the marsh and the reasons for it oolleoting and stagnating in the area. 

In the oases where the water flows from higher land it may be possible, under 
oertain topographio oonditions, to interoept the flow at some suitable point above the 
level of *he marsh and to divert it to a out-off drain or oanal leading into some natural 
drainage oi.annel. 



Riparian marshes oreated by periodic inundations of a river in flood oa only be
drained by constructing bunds or embankments capable of keeping flood water from entering
the riverside flats. It may then be necessary to tongtruot a series of drains in the marshto dry out pools left in old flood ohannel, or to cope with water entering by underground
seepage from the river bed. If, as ij sometime@ the came, the topography does not allow
the evacuation of these drains dowstream by gravity flow, it mWy be necessary toconcentrate ouch water in a umap pond whence it oan be pumped back into the river channel over the protecting embankmant. 

Similarly with lagoon type warshes bordering the seashore, sluioe regulators arerequired on all cutlets to the sea, to be olosed at high tides and opened again 
at low
tides to allow the marsh water to drain out to sea. 
Suoh regulators may be closed by anautomatic devise, actuated by the rising tide water levels. 

A marsh may sometimes owe its origin to the presence of an obstruotion to its
natural outlet channel oased by geographicoa faulting, or by land slips or falls of rook.
Many upland marshes exist as the relics 
of former lakes and drowued valleys formed by
geological upthru3ts darning in the valley. 
In time, the natural spill-ways are eroded
away, gradually lowering the level of the lake water until the water becomes shallow
enough for marsh formation. These marshes can be drained by outting a channel through theobstructing barrier or by tunnelling through it, always aesuming the costs are notexcessive in relation to the area to be reolimed.
 

Some marshes are formed on the low-lying shores of lakes as a result of periodic
rises in the lake water level following heavy rains. 
These oan be reclaimed by oonstruotingembankments above the highest water mark of the lake and subsequently draining the marshes
by pamping or by the use of regulator sluices on the drain outlets to the lake. 

A similar method is employed extensively in low-lying areas in the Parend delta inArgentina for reclaiming land which is periodically covered to shallow depths by floodwaters. 
Here the marsh lands are enoiroled by bunde and then drained by pumping, forminga series of reolained islands whioh are then afforested. In the dry season, the pumps areused to pump water in the reverse direction from the deeper marsh water channels forirrigating the plantations. 

Peat Bogs andOley Soils 

Poorly drained peat soils oocur mainly in those regions of the world where annual
rainfall greatly exceeds evaporation and where temperature is sufficient for a richproduction of organic matter but too cold for its rapid decomposition. Under ouch climatiooonditions, an aooumulation of plant remains and the formation of peet is oon.addition to climatio factors, In

level topograohy and poor water permeability of the subsoil
favour bog formation. Swamps and other waterlogged soils are, therefore, fairly ommon in
flat lowlands even in tropical and subtropical olimateo, although owing to more rapid
decomposition in warmer areas, true peat may be missing. On t?e other hand, underextremely humid and maritime conditions bogs with thick peat deposits can exist even on
quite steep slopes, aa in parts of Scotland and western Norway. 

Waterlogged mineral soils with little or no peat formation also occur in conditions
of impeded soil drainage. 
These are usually heavy clay soils and exhibit the typicalmottling discoloration associated with gley soils. Poor drainage may be due to animpervious substratum or to the presenoe of a podaolized or laterised hardpan.
 

Even in waterlogged soils the uppermost horizon may be suffioiently aerated to
support a ground cover of mosses and other water-loving opeoiesl in some oases, this
layer may be deep enough to support trees, though these are often deformed with very
shallow root systems and liable to windthrow. Early attempts in 
 reat Britain to afforest
peat bogs after oonstruoting shallow surfaoe drains proved that the tree crops, while
making good growth in the early years, could not withstand strong winds during the pole stage. 
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It is essential to achieve an aerated layer of topsoil at least 30 Om deePt preforably 
deeper. To achieve this, drains mst be out oonsiderably deeper to allow for the effects 
of what is known as the "capillary fringe". This, is in effect a waterlogged sam hiioh is 
forced clue to oapillary foroes just above the level of the true water table or above the 
level of surface water in the receiving drain. This capillary fringe san smetimes reaoh 
as much an 30 om upwards, whinh explains why shallow drains sometimes appear to have no 
effeot on waterlogging. To allow for this capillary fringe, receiving drains should
 
therefore be at least 40 - 60 om deep, and oven deeper to ensure the foruation of & 
sufficient layer of fully aerated soil for root development.
 

Salines and Salt Marshes 

Waterlogged soils and marshes occur where high salinity is an additional limiting 
factor to soil wetness. Salt or brackish marshes formed along the coast@ id subjeot to 
inflows of sea water are found in many parts of the world. In arid olizates, salines can 
result from the evaporation of sat-bearing spate flows impounded in inland depressions. 

Though there are some tree opeoies of economic value, e.g. Rhizophora spp.,
TamarLx artioulata, Prosopis tamarugo, and the date palms, whioh tolerate a high degree of 
soil salinity (and in the oaoe of the mangroves, marshy oonditions as w11), the 
afforestation of oalines in impossible unless the land is both drained and the salt content 
of the soil reduced or removed by leaching with large quantities of fresh water. This may 
be feasible in situations where the saline is capable of being drained, so that flood waters 
entering can be used for washing the salt out of the uoil or where irrigation, combined with 
drai age, may achieve the same offset. Desalination, however, is almost always a very 
costly undertaking and can seldom be justified for tree crops alone. "her mntion is 
made of this matter in the section dealing with irrigated plantations. 

Where permanent drainage is not feasible, the only alternative is to construct a 
ceries of alternating mounds and ditohes, the soil being excavated from the ditohes and 
spread on the intervening mounds which become plantable onoe the salts have been leached 
out over a period of time by local rainfall. Such mounds should be large enough to provide 
adequate growing space for the expanding tree root systems above the hihest level of 
fluctuations in the water table. This again is a very costly operation and can seldom be 
justified on eoonomio produotion criteria.
 

In fact foresters would be well advised to avoid trying to reclam marshy areas 
where the difficulties of site preparation are further complicated by high salinity. 

Drainage Techniques
 

Drain Characteristics and Layout 

For planning the layout of the drainage systems in marshes or Waterlogged soils, 
a detailed topogra,&.:o uurvey of the area is necessary. Also, in waterlogged soils, or in 
marshlands from whi-h freo-atanding water has been drained, soil formations should be 
examined carefully sou cs to identify the type of soil, the depth of my peat layers or the 
presence and depth of any har.pan f)rmation. Chemical analyses of the soil are needed as 
a guide to possible fertilizer treatments. 

Fxporimental plots should be established to test the drainage effioienoy of 
different intensities and depths of drains by measuring the movement of the water level 
in pits located between the drains. 
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On waterlogged cites, drainage ditches muast be constructed prior to planting oflost species. The photo shows a vigorous pine stand in Queensland, Australia. 
(Courtesy D.A. Harchrik) 

Three types of open drains arm reoognizedt out-off drains# receiving or oollootor 
drains, and evaouator drains. 

Cut-off Drainso 

Cut-off drains are designed to intercept water edtering the marsh and to lead itto some other line of natural drainage, thus by-pasineg the swamp. The dimensions of aout-off drain should be large enough to take the maximum flow of water entering the arh
in times of heavy rainsor of fl*,das. 

CollectorDrains 

Collector drains are those which actually reeive the water seeping from the soil;the spacing between collector drains must therefore relate to the percolation rate ofwater in the soil. The heavier the soil, i.e. the higher its clay content, the slower thepercolation rate and, therefore, the shorter the distance between drino. Peat also holdswater tenaciously, which means that sites with deep peat layers need very intensivedrainage works. On sloping terrain, collector drains should be aligned as far as possiblealong the oontour, allowing just enough downward inclination to induoe a flow into themain evaouator drains. In this way the maxioum interception is obtained for a minimumlength. A drain aligned at a more pronounced oblique angle across the slope will havesteeper gradient aand a longer length for the same interoeption, while a drain aligned atright-angles to contourthe loses its interception capacity entirely. 
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The cross section dimensions of collector drains will be determined largely by the 
type of soils encountered, but normally they would be at least 40 om and poesibly as muoh 
as 1 m deep. The top width of the drain should be at leant as great an the depth, and the 
sides which slope down to the bed should not be less than 20 cm deep and not loes than 30 
cm in peat to allow for the tendency of these soils to close. 

The gradient of the drains (i.e. the downward inolination of the bed of the drain 
towards the disoharge po!nt) should be between 0.25 and 3.0%. Below 0.25%there is a 
danger of exoessive silt.ng and above 3.0%there is the risk of soouring and erosion unless 
the bed is out in very resistant soil formations. The required gradient oan be obtained 
either by gradually deepening the drain or, on eloping land, by aligning the drains at an 
oblique angle to the contour without varying the depth of the drain. This is the method 
used when drain. are constructed by fixed depth draining ploughs. 

The length of collector drains should in general fall between 50 and 100 m as in 
longer drains there are more chances fnr' error in gradient, especially when encountering 
ohanges in the direction of the slope. Moreover, the longer the drain the greater the 
risk of excessive accumulations of water in times of heavy rains. 

The distance between collector drains will vary acoording to the soil type 
encountered and also the slope of the terrain. As already stated, in general the heavier 
the soil the closer the drains sho,.ld be to one another. The standard distanoes between 
drains on gley and peaty-gley soils adopted by the British Forestry Conniosion is 7 m on 
slopes up to 5%, 10 m on slopes between 5 and 7.5%and 13.5 m on slopes above 7.5%. On 
les heavy soils, as for example the peaty podsols which oharacterize certain upland heaths 
in Great Britain, the spacing can be doubled. 

In Sweden, Pinland and Russia drains are generally wider apart. In these countries 
when the drainage of peat boge was started, drains were oonstrucoted 80 - 120 m apart and 
1.0 - 1.5 m deep, but experience suggested that these distances were too great to secure 
efficient drainage. In later years when a change over from manual to mechanized drain 
digging became possible, distances have been reduced to 20 - 30 m between shallower drains 
of only 40 - 60 om depth. On sloping terrain and particularly on waterlogged mineral soils 
with thin peat layers, the British system of relatively closely spaced drains has been 
introduced with success. Determining the economic optimm suggests that narrower spaoing 
be used on level swamps than on swamps which are eloping and that wider spacings should be 
chosen on poor sites and narrower spacings on good quality peatlands. 

Evacuator Drains 

Collector drains discharge into evacuator drains, whose funotion is to convey 
drainage water to some point where it can be disposed of either by discharge into some 
natural water course or by pumping. 

The layout of the system of evacuator drains should be designed to tap as many 
collector drains as pooible. Experience indicates that this is most likely to be achieved 
by the so-called 'herring-bone' layout with a central main evacuator drain and branch 
collector drains taking off on both sides. 

The dimensions and gradient of evacuator drains are normally greater than those of 
the collectors; their design should be sufficiently generous to accoodate exceptional
flows in times of heavy rains. T' 'iroross-seotion resembles the truncated V-form of the 
collector drains. 
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Other Form, of Soil Drainag 

In oaes where waterlogging of the soil oan be attributed to the presenoe of animpermable hardpan, it may be possible to drain the land by breaking up the hardpan withsubsoiling implements, enabling soil water to percolate downmwarde through the breaches inthe 	hardpan. This has proved possible in certain typeu of ooarser textured soils over
lying podsolised hardpan in upland heath moors in Sootland. 

The 	 effeotiveness of drainage work oan sometimes be improved by molb ploughing
(see page 109),eepeoially in stiff olay soils free of stones. The opening of subsoildrains in this way oan speed up the action of oolleotor drains, and in favourable
ciroumstanoes mole ploughing direotly into evacuator drains enables the 	oolleotor drainsto be more widely spaced or to be dispensed with altogether. The British Forestry
Commission is now experimenting with oome suocess 
 with the use of a speoial forest ncleplough oapable of opening a subsoil tunnol drain in peat beds. This plough extrudes a

ribbon of peat 38 x 20 om leaving only a narrow slot at ground level.
 

Drainage Machinery and Implements 

The 	 opening of drains by hand, though still used on sites too small to warrant theexpense of machinery, has by now been superseded in most situations by meohanized methods.Nowadays, there exists a great variety of drain digging machines, but the two types founumost convenient in forestry drainage work are the drainage ploughs and the hydraulio typeexoavatore mounted on wheeled or orawler type vehioles.
 

Drainage Plougho 

In peat and other soft soils free from large stones, ploughs provide by far theoheapest method of forming drains. The most usual type in use is the double mould-boarddrainer drawn by a trastor or by a tractor and 	winoh. This plough outs a V-shaped drain
throwing the soil n both sides of the drain. If short wings are bolted to the top of
the shares extending laterally and slightly above the soil level, the soil thrown by the
shares is pushed well 
clear of the drain edges, thereby reduoing the amount of soil falling

back into the drain.
 

Single share mould-board ploughs am less often used than the double share drainer,but they are preferred in certain oirumetanoes. For example, when cutting oontour drains on sloping surfaces it may be desirable to throw the soil out on the downhill side of thedrain furrow. In the United Kingdom the single share plough is used extensively formaking shallow (20 - 30 om deep) drains in peaty soils, though the main object of theoperation is to provide ridges of peat turves on which the trees are planted. The ploughfurrows of course also help in draining surface water n times of heavy rain, but 	they arenot 	normally deep enough to dry out the soil, mainly on acount of the effets of thecapillary friige, of which mention has already been made. The British Forestry Commissionhas 	developed modifioations of this plough capable of cutting deeper drains, some as muohas 90 om deep. These have shown certain disadvantages compared with the double share 
drainst 

1) 	 The full depth of drain is rarely achieved in practice because the 
enormous side-thrust exerted by the single share in lifting and
turning the oontinuous ribbon of peat foroes the plough body up thebatter on the side opposite to that on which the soil is placed.
This produoes an uneven, undulating bed to the drain and results in 
an uneven edge and batter on the 	 side free from the thrust. A
double-share drain, however, maintains a full and oonstant depth,
and 	the downward thrust of the soil acting equally on both sides 
results in a better shaped and more stable drain. 
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2) 	 On mineral soil, where a hard or gravelly layer Is sometimes
 
enoountered# the same trouble oocurs. The single mould-board
 
plough tends to ride up over the harder parts of the subsoil
 
produoing an uneven and ragged drain.
 

3) 	 The single share plough oannot be used to deepen and oleen
 
existing drains like the double mould-board drainer.
 

Pioughing on waterlogged soils usually requires specially designed weels or tracks 
for the traotor pulling the plough as wll as fcr the plough itself if lee of traotion or 
bogging down is to be avoided. Wheels and/or tyres are available with a wider tread, or 
double tractor wheels oan be used. Four-wheel-drive traotoro, although more oostly, have 
advantages over normal drive tractors under uuoh oonditions. Crawler traotors oan be 
fitted with tracks wider than the standard. Ploughs for wet soil should be fitted with 
steel drum wheels or traotor type wheels. 

In Finland, Sweden and northern Rosia, peat lando are drained using very heavy 
(4 - 6 ton) drainage ploughs drawn by orawler traotors of 9 - 18 tone using a winoh. These 
heavy machines have been found superior on sites where the land to be drained consists of 
swamps with a thin peat layer oontaining loge and stumps and with a lsoil whioh is often 
rooky.
 

Mole Ploughs 

The mole plough is essentially a single-tine sub-soiler, the diging point of the 
tine being replaced by a squat torpedo-shaped head, oalled the mole. In operation this 
mole opens a tube-like passage through the soil, starting from the drain bank or outlet 
point and being drawn up slope. Mole ploughs are direotly mounted on a tractor, fitted 
with an Edes linkage which enables a graded ohannel to be achieved in spite of minor 
surface irregularities. 

Mole ploughing is only effective in even textured olay soils free of stones, but
 
in suoh oircumstances it is the oheapest way of draining the soil. Modifications of the 
mole using a 15 om expander have been used in peat soils to speed drainage of water to 
open oolleoting drains, and as mentioned earlier, the British Forestry Commission is also 
experimenting with special mole ploughs for subsoil draining in peat bogs. 

The main disadvantage of mole-draining is that the drains cannot be cleaned, so 

that once they are clogged, the work has to be completely redone. 

Exoavatore 

A great variety of excavating machines are available but sost fall into three 
oategories: dragline excavators, hydraulic excavators and oantinuous action mahines. 

Dragline Excavators 

Dragline excavators have large excavator buckets operated by mahine winches. 
Dragline. are mounted on wide crawler tracks and are particularly suitable for operation 
on soft or bogy sites. Working on mate further inoreaoes stability on soft sites. 

Dragline exoavators can be used for virtually all types of drainage construction 
and maintenance work. Their advantages lie 1) in their ability to work on wet sites, 
2) in the long reach provided by the boom, whioh also enables soil to be spread over a 
wider radius and 3) in the versatility possible in the size and oros-seotion dimensions 
of the drain excavated. On the other hand, they are leas mobile and more olusey to 
handle than the hydraulic exoavators which are generally less expensive in operation. 



HYdraulic Dioavators 

With these machines the exoavating bucket is attached to the endartioulated boom and is of a shortoperated by hydraulio
orawler or wheeled 

pistons. The exoavators are mounted ontractors. Most types are fitted with a dozer blade loader which,apart from occasional use for loading, and the advantage of being able to remove soilbanks and other obstructions, is neoessary for orossing wide ditohes end also serves
 
as a stabilizer.
 

The wheeled type excavator can be used on most wet mineral soils, but on peatand very soft soils a orawler tractor is essential; it should be fitted with 76 omtracks or wider. Hydraulic excavators can be used for making drains of thoseand widthsdepths oomonly used in forestry and can also be used for drain maintenbnoe in widedrains, the machine operating from opposite banks of the drain.
 

Por drain maintenance and oleaning a form of 
lightweight excavator mounted on anordinary agri;ultural type wheeled tractor is available.
 

Continuous 
 Action Machines
 

These are excavators fitted 
with dredging-aotionwith a rotating ohains of buckets or scrapers orhelix. Experienoe has shown, however, that these mashines have severallimitations compared with other types of draining implements regarding the depth andshaping of drains, while most have difficulties in operating
stumps and roots are 

in soil where large stones,encountered. In general it can be said that drain ploughshydraulic excavators can do orthe same work more efficiently and more cheaply than
continuous action excavators. 

Post Drainage Site Preparation
 

Srface Cultivation
 

Drainage 
suooessful 

alone is not always a sufficient amelioration of soil conditions forafforestation. In some oases, the porosity and aerationmarshland must be of the soil of drainedimproved by ploughing, and this may have to be preceded by the destruction
of herbaceous and arboreal marsh vegetation. Wherever possible this vegetation should beburned and the phosphorus and potassium rich ash ploughed into the soil. If further soilcultivation is unnecessary, seedlings can be notohed directly into the drainedis land. Thisthe general practice in Pinland, but direct broepoast nowing of pine seed is also usedto afforet drained peat bogs. In the United Kingdom, direct plantingdrained peat bog has or seeding ononly limited success and the method of notohing plants into the turvesturned up by ploughing along the planting lines is more commonly used. Thishas t. method alsoadvantage that the strip of over-turned soil retards thevegetation for sufficient time to allow the 
growth of competing 

young plants to become established.climates such advantages of turf or 
In warmer 

ridge planting are likely to be short-lived on accountof the more rapid growth of weeds. A large plough ridge may even proveimpeding the passage an obstaoleof harrows or rotavators used in subsequent inter-row weeding and
ground cult i vation work. 

Bedding, or the creation of lined mounds, either alone or in con3unctionexcavated drains is withalso used to improve drainage and facilitates planting on wetin the U.S.A. As described on page2, sites
beddin is carried out by heavy duty disc(of harrowsthe types described for pioneer ploughing) which are set to throw the soil inwards toform a mound, that elevates the Alanting bed above the general level. 



Fertilization 

Drained marshland soils often show defioienoies in soil nutrients as well as 
having a strongly acid roawtion. Salines on the other hand may often be strongly alkaline 
as well as being defioient in nitrogen and other soil nutrients. Where the peatlands have 
not been olassified into identifiable types, careful ohemical analyses of the soils should 
be made at an early stage before afforestation to identify whioh nutrients are in defioienoy. 
Fertilizer trials should also be carried out to determine suitable teoniques and 
application rates to restore soil fertility levels and promote vigorous tree growth. 

Nitrogen is usually abundant in wrrshland soils, though often in an insoluble 
organic form, but drainage and the addit.on of mineral fertilizern usually increase the 
rate of nitrogen mobilization to such ;.a extent that additional nitrogen may not be 
necessary* 

Phosphorus is the nutrient which often constitutes a limiting factor in peat and 
gley soils, and on most sites the addition of phophorue has produced a marked response in 
tree growth. In the United Kingdom and Scandinavia phosphate fertilization in peat bog 
afforestation is a standard practice. Fertilizer is applied at the time of planting; 
ground rook phosphate or basic slag is used, partioularly when application is by maohines, 
but superphoophato or triple superphosphate is used when application is by hand. Combined
 
phosphorus and potassium fertilizers containing 16.5% each of P and K are also used in peat 
bog afforestation. 

On very acid soils, heavy liming is often beneficial; the lime improves the 
physical properties of the soil and reduces soil acidity, thus promoting nitrogen 
mobilization. Alkaline soils with a high sodium chloride content can, under some conditions, 
be improved by the addition of ground gypsum; i.e. by replacing the sodium by calcium. 

MINE TIPS AND SPOIL S1TES 

Industrial activities, especially those concerned with the mining and the 
metallurgical industries, often produce areas of waste land where unwanted material is 
dumped to form mine tips, slag heaps or slurry ponds. These areas of industrial waste 
land leave unsightly soars which come to be resented by the inhabitants of the area, and 
often pressure is brought on the authorities concerned to recl&im the areas or to soreen 
them with a green cover of vegetation or tree plantations. Sometimes it is possible by 
afforestation to create parks of amenity value for neighbouring urban populations or to 
restore productivity to the affected areas. 

In many man-made industrial waute lands, site factors inhibiting natural 
revegetation from seeds blown in from neighbouring unspoiled land are present. They are 
directly linked to the type of mining or industry concerned, which allows industrial 
waste lands to be classified into a number of categories, as described in the following 
sections.
 

Types of Industrial Waste Lands 

Strip Xining Waste Lands 

In strip mining, topsoil and rook overburden are scraped away to expose the coal 
or mineralized strata required for industrial processing. After mining, the resulting 
waste land may consist of orator-like cavities alternating with dumps of material from 
the overburden which vary in texture from former topsoil to broken rook waste with little 
or no earth. 

On hilly sites mining will usually have been worked on the oontour, resulting in 
a series of rook terraoes and steep sores banks where the overburden has been tipped 
downhill. 

http:addit.on
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Wh~ro the dumped material contains 20 percent or more soil, revegtation by seedsand spores )lown in from neighbouring unspoiled land may occur soon after mining operationscease, indicating a potential soil fertility suitable for direct afforestation. Elsewherethe exposed rook strata and dumps of rocky material and stones, often compacted by thepassage of the heavy eartn-moving machinery, must await the slow process of soil formationthrough exposure to the atmosphere and reshaping by wind and water erosion. Absence ofrumun and nitrogen in typical of most of these sites In the early srtjeo. 

Site preparation for tree planting consists ideally of reshaping the waste areawith earth-moving machinos, filling in cavities and levelling or smoothing down'"fore finally covering the dumpsthe whole area with topsoil. Preferably the soil originallycovering the land should be used, if this has been segregated in special dumps, or soil
may be imported from elsewhere. Suoh work 
 is very costly, but in sosf countriesrestoration of the site is an obligatory condition of the mining licence. 

If reshaping is not possible, afforentation can be started on areas colonized bynatural vegetation, while in the remaining still sterile areas, trees of hardy pioneerspecies oan be planted in larger holes to which imported soil has been introduced.areas such as brick Infields, the derelict excavations ar often filled with water, toprovide artificial lakes for recreation, and tree planting for amenity is confined to the
lake shore areas.
 

Colliery and Deep Yine Tips
 

Waste spoil from underground mining operations 
 is urually brought to the surfaceand tipped in large heaps or flat-topped spoil banks. High tips and conical or tablemountain forms of spoil heaps usually have steeply sloping unstable sides, thus theyare subject to land slip if the foot of the heap in underrinedwater impounded or trapped 
by a stream or by drainagein the complex configurations resulting w.en the spoil heapsencroach upon or block drainage runways. These tips consist,p.lverized rook and are characterized by 

of crushed and sometimes 
sudden changes in particle size depending on thesource of material being tipped, but the material is very porous, permittine the easypenetration of air and rainwater and also of plant roots. The material, however, cannotbe described as soil and will 

in 
remain sterile until the rook particles are weathered and,course of time, become colonized by soil forming organioo and eventually by pioneer

vegetation. 

Preparation of such sites for afforestation involves first of all
measures to minimize land slips and 
stabilizing

erosion. This -nay involve building walls at the footof tips encroaching on natural water courses to prevent water eroding and undercuttingthe slope and, if neoessary, canalizing the water courses inconduits. Ponds of trapped water 
masonry chutes or concrete

within a complex of tips should be drained away if thereis danger of collapse due to erosion in subsurface drainage channels. The flat tops ofsome spoil heaps can be re-soiled, but the slopes may have to be contour trenched orterraced and imported soil filled into planting holes.
 

Access roads 
should be constructed before afforestation and care takenof road drainage water in ways to dispose
which minimize soil erosion and ravine formation in the
relatively soft tip material. 

For the first rotation it will generally be advisable to plant hardy pioneerbushes and trees capable of adapting to the severe limitations of the site, therebycreating better soil and mioroolimatio ocnditions. The second rotation of trees can beof greater economic value, and can sometimes be introduced by undarplanting the pioneer 
crop*
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Meohanioally ?reated Warte Lands 

In some industries the use of orushers, mills and washing plants produces finer
 
grain partioles in the process of separating the ooal or metal ore from the waste. Kany
 
fine waste materials, for example, the losses in lignite strip mines, or the waste from
 
bituminous ooal preparation plants, can be suspended in water and pumped in vivelineo to
 
embanked basins or to slurry pits, where they settle, forming flat new areas. These flat
 
fields of water-sedimented loess are very fertile unless rendered toxic to plant growth
 
by the acoumalation of noxiaus compounds from the rapid oxidation of sulpichid particles
 
at rates faster than the rate of leaching. In such oases, the land will remain sterile
 
for long periodn unless some form of flood irrigation with oubsuil drains can be used to
 
wash the sa.lts out of the soil.
 

If fine material is tipped, the danger from land slips will be accentuated unlecs
 
stabilizing techniques similar to those mentioned in the preceding section are employed.
 

Chemically Treated Waste Lands 

The huge group of ohemioally treated wastes can be classified into burned and 
unburned material. Burned material, for example the ash and olag from piwer stations, 
-onisto of oxideu, silicates and oulphatec, of iron, aluminium, calcium, magesium, 
potassium and sodium. As a realt of their content of free bases, most of these ashes 
possess a high alkalinity and salt content, which may initially prevent plant growth. 
Leaching of the soluble salts and reaction with atmospheric carbon dioxide lessen their 
toxic effect in time, unless the waste contains boron or other elements highly toxic to 
plant life. Brick and clinker waste, broken glass and cement waste are further examples 
of burned waste, but these usually contain less soluble salts than the ashes referred to 
above. 

Unburned chemically treated wastes are produced in etallurjioal plants wnere the 
milled ore is "floated" in order to separate the stone from the metal. Such wastes are 
generally pumped out to sedimentation basins and to slurry ponds forming flat fields. The 
flotation agents used for different ores can impart strongly acid or alkaline reactions to 
the sedimented waste depending on the agent used, for example the cyanide flotation prooess 
used for extraction of copper and iron ores can be mentioned in contrast to the alkaline 
agents used in the gold mines of South Africa which give the waste a pH reaction as high 
as 11.0. 

The afforestation of chemically treated waste dumps cannot usually be attempted 
until accumulation of noxious chemicals have been leached from the soil and the pH value 
raised or lowered to the range tolerable to plant life (pH 3.5 - 8.5). Natural leaching 
processes can be accelerated by soil washing methods, though this adds considerably to the 
cost.
 

Other Forms of Waste Katerial 

The disposal of domestic refuse, especially from large conurbations, has in the past 
produced large waste dumps consisting of both organic and inorganic materials. Generally 
opeaking, land covered by domestic refuse tips forms favourable tree planting sites so long 
as they are free-draining. Where impeded drainage gives rie to anaerobic conditions the 
soil may become toxic through decomposition of organic matter and the liberation of hydrogen 
sulphide. 

The dumping of waste products from synthetic chemical industries can give rise to a 
more intractible form of waste land. Synthetic material of organic origin can be destroyed 
by burning, but waste salts and inorganic compounds must be tipped or sunk in deep porous 
strata. 
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The Choice of Establishment Technique! 
Before attempting to initiate afforestation on industrial wasteshould make a ,etailed lands, the foresterstudy of the limiting site faotors. These will largely decide thescope ard intereity of the preparatory work required, the choiceadaptability t'j raw of species which oombinesoils with economic value, and the likely social or ecc.,omio end results

of the planting effort. 

Evaluation of the Site 

The site should be examined to determine its actual or potential fertility.invol-res an investigation of the materials in the waste to origin and 
Thie 

size of particles,the topography of the tips, especially in connection with erosion and land slip hazards,
and the preoenoe of noxious salts or chemicals. Where natural vegetation has alreadycolonized the waste a&r)a, a study of the component species may well indicate areas wheresoil conditions approximate those suitable for a forest crop, as wall
helpful as give information
in the selection of the tree species to be used on different sub-sites or exposures.
Those areas avoided by natural vegetation may indicate the presence of limiting site factors
T.eeding special treatment, 
and the pattern of colonization will certainly aid the work of
mapping the various sub-divisions or sub-sites in the area.
 

The Choice of Species
 

Except in those favourable oases where it has been feasible to cover the waste landswith a substantial layer of fertile topsoil, the trees selected for planting will normally
be chosen from a limited list of species in each climatic range which have the capacity to
survive in largely raw soils and to enrich the soils gradually by adding humus and nitrogen.
The seleotion may well 
include a mixture of species, some destined simply to form an 
undergrowth or even an herbaceous soil stabilizing cover. Extremes in the soil pHpresence of noxious values or thesalts may still further limit the range of choice. In all oases it
would be wise to establish a series of trial plots 
to find out which species are bestadapted to the site and which plant)ng and fertilizer teohniquen give the best results.Experience from such trials may indicate the possibility of planting the "elected tree crop
directly or, where this is not feasible, show that scome

improve the site for tree 

sort of nurse crop is needed toplanting at later stage. Thesoil, even if 
some importation of good fertile
only enough to fill the planting holes, 
 will almost always be needed in orderto inoculate the land with soil forming or&anisms and myorrhizal symbionts. 

Economic Conoiderations 

The choice of treatment will be decided by cost, by th effectiveness of theestablishment methods, by the possible future value of the tree crop and by the ultimatepurpose or objectives of the reclamation. 

Industrial waste willland rarely offer easy or inexpensive conditionsafforestation, but there are forplenty of teohniques available for the improvement of treegrowing conditions. To reoapitulate, some of those most comonly used in rolaation ares 
1) Reshaping the contours in order to minimise erosion or to facilitate
 

future manaement; 

2) f overing toxic or infertile material with soil or waste of better
 
quality; 

3) Neutralising strong acid or alkaline spoils by the use of lime,
sulphur, or waste of the opposite reaction; 



-115

4) 	 Buffering toxio elements by the use of peat, humus, clay, or other 
material with a high exchange oapacity. Water holding capacity and 
nutrient availability will be inoreased at the same timel 

5) 	 Leaching of sats, aside or alkalis by means of rainwater collected 
by Citohes and basins or by irrigation, on heavy soils accompanied 
by artificial drainage; 

6) 	 Loosening the soil on compacted land or sulphide wastes by subsoiling 

to provide better aeration; 

7) 	 Fertilizing with organic or green manures or with compound fertilizers; 

8) 	 Stabilizing the surface of waste tips of very fine particles by 
agglutinating sprays or branch mulches and by constructing windbreaks 
where aerial erosion is a problem; 

9) 	 By watering or irrigating the plants if this io neoessary, to get them 
well established after planting. 

7he costs of establishment may often be higher than the potential cash value of the 
tree crop would seem to justtfy, but it is also necessary to assess certain intangible
ber.efits such aa the improvement of amenities, the provision of recreation for densely
populated industrial areas, or the prevention of site deterioration. Control of further 
site deterioration or degradation is often associated with protection against erosion, 
consequent siltation and flooding of fertile down-strean agricultural lands. 
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CHAPTER 5 

PROTECTION
 

Al newly established plantations are liable to damage by weather conditions, by
 
insect, fungal or viral pests, by fire, by wild and domestic animals and by man. The
 
degree of risk from any of these causes will vary with the environment.1 conditions of 
each plantation and should be assessed during the planning stages, so that preventative 
measures can be taken or at least anticipated during establishment.
 

In theory remedial measures can be devised to guard against moot forms of likely 
damage, except perhaps tornados or hail storms and other extreme weather phenomena for 
which insurance brokers use the term "Acts of God". Forests and plantations, because of 
the cover and shelter they provide, may sometimes suffer from indiscriminate acts of war, 
but for all predictable risks, the main problem facing the forester is one of assessing the 
cost/risk/benefit ratios. Total protection against all risks, or against one or more of 
the more probable risks, might well prove so costly that no final commercial benefit would 
result from the planting investment. In such cases a decision must be taken either to 
abandon the project or to compromise by accepting some degree of risk, thereby reducing 
the costs of protective measures to a more acceptable level. Not all risks can be readily 
forecast or assessed, and this is particularly the case where exotics are being planted in
 
new environments where native insects or fungi may adapt to the new hosts. On the other 
hand, the probability of other types of damage can often be more realistically evaluated 
and the cost/effectiveness ratios of remedial or protective measures can be assessed.
 

Some of the main risks of damage and the measures available to secure protection 
are discussed under weather, insect or fungal pests, animals, including man, and fire 
protection as follows.
 

WEATHER CONDITIONS 

The frequency of damaging phenomena such as cyclones, tornados, hail storms, drying 
or salt-laden winds, severe frosts, heavy snowfall and avalanches are usually predictable, 
though foresters can do little to protect plantations against the damage caused by them, 
except by growing tree species known to be resistant or by siting the stands in sheltered 
localities. Some species are more windfirm than others, or are less prone to damage from 
orowns and branches breaking off in high winds. Other species are more tolerant of salt 
spray and can be used for planting in belts along exposed seaward flanks to give protection 

Previwu Pagw Blank
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to other less tolerant species forming the main plantation. Thin barked species are more
liable to that damage (and to subsequent attacks of insect or fmgal pests) than 
 others.In South Africa the planting of Pinus radiata and P. patula in many parts of the country
has had to be abandoned on account of severe attacks of the fungus Diplodia pinea associated with hail damage. Pinus elliottii and P. paluatris, which are largely resistant toDiplodia attack, are being planted instead. Prost can sometimes cause severe damage evento species known to be frost hardy in their native habitats. Late or unseasonal frostsoccurring outside the dormancy period can result in severe to young trees by killingsetback 

the new and tender growing shoot buds or 
tips. Remedies lie in selecting late shootingspecies or provenances; Picea sitchensis, for example, is generally mcre frost hardy than
P. bies, and some species and provenances of eucalypts are more resistant to frost thanothers. Some protection may also be given to susceptible trees by planting them in mixed
stands together with frost-resistant species. In regions of heavy ano dfall, it 
 is necessary to select species which are les susceptible to breakage under the weight of heavy
 
snow.
 

INSMT AND FUNOAL PES 

Most insect and fungal pests are selective of the host species. In their nativeenvironmenttrees whether natural man-madein or forests, normally attain a state ofequilibrium with indigenous pests. When exotic trees are planted, thdse pests may beintroduced and sometimes develop greatly enhanced virulence in t;ae conditions of their newhabitat. Well known examples of this are the chestnut blight (Endothia parasitica), anative of Asia, which caused havoc among chestnut plantations in Europe and Aerioa tNorth
and the Dutch elm disease (Ceratooystis ulmi) which also spread to Europe and America frouAsia, where most native Ulmus species are resistant to the disease. Sometimes exotic

species may be attacked by local pests which adapt to new In
introductiono. New Zealand anativto defoliating insect (Selidosema suavis) has become a serious pest in Pinus radiateplantations. The Cypress canker (Monochatia unicornie) in East isAfrica anunimportant
disease on the native Juniperus urocera, but has become, possibly by a change in strain,epidemic in the extensive plantations of introduced Cupressus maorocarpa. As a consequencethis species i3 no longer planted and is being replaced by the more resistant C. lusitanica. 

The risk of damage from pests and diseases ii generally higher if the trees are
physiologically weakened, for example from inefficient planting or site preparation, frombeing planted on unsuitable sites or in adverse climatic conditions or from neglect ofweeding and tending operations. But even healthy are sometimes attacked. For manytrees 
important fungal and viral tree diseases no control is yet available, and the best preau
tion is to plant species or varieties known to be resitant to the disease. 

The main precautions to be taken, therefore, in guarding against possible futuredamage from pests and diseases are to see that the species selected for planting are suit
able tothe climatic and soil factors of the site, and to make surveys of indigenous pests, toensure that none of these is among the known to whichforms the selected species is susceptible. This is seldom easy, especially in view of the gape in available knowledge on siterequirements and disease susceptibilities of many of the more important exotic species; thetherefore, formore reason, initiating carefully controlled experiments and plot plantations
before developing large-scale afforestation work. 

Care taken in the establishment and tending operations during the early years of aplantation, resulting in healthy vigorous young trees, makes a plantation more resistant 
to pests and diseases. However, if symptoms evidenceor of attack appear, these should bepromptly investigated and the cause identified. Various control measures are availablet 
these may be silvicultural, chemicalbiological or mechanical. 
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Silvioultural Oontrol 

Silvioultunral meas-es include well-timed and careful thinnings, mainly after the 
establishment phase ha. ended. These help to resist attacks by eliminating poor and 
suppressed stems, thereby maintaining the plantation in a thrifty and vigcrous growing 
condition. In young plantationethe prompt removal and destruction of infested trees may 
be effective in preventing the spread of the attack to the rest of the plantation. Plant
ing of mixed species can also be considered a 8ilvicultm-al control method where the threat 
of infection is known to exist. The disadvantages of mixed planting within a compartment 
or plantation unit, giving rise to complications in later management, can be avoided by 
planting alternate blocks or wide belts with different species or genera, euch as conifers 
and hardwoods, to form barriers to the spread of a disease from some initial point of
 
infection.
 

Chemical Control
 

Insect and fungal poests can also be checked by applications of an appropriate 
chemical insecticide or fungicide. These are usually available in liquid (or wettable 
powder) formulations, as dusts or a" smokes. Spraying with hand-operated knapsack spray 
guns or portable mist-blowers is used to control attacks in ver) young plantations, but 

moreafter canopy closure, asrial spraying and dusting or smoking is usually cheaper and 
effeot ive. 

Dieldrin and aldrin have been successfully used against termitu attack in tropical 
eucalypt plantations. A small dressing of insecticide is either mixed into the nursery 
potting soil or mixed with water as a suspension and watered on. Insecticide* have also 
been effective when applied to the soil around the plants at the time of planting. 

In South America leaf-cutting ants, usually of the genus Atta or Aromyrmoex are the 
chief poests of forest plantations. These can be controlled prior to planting and during 
the establishment phase by fumigating the nests with methyl-bromide (sometimes mixed with 
chloropicrin to produce a detectable odor) or by treating the nests or ant trails with 
mirex or other chemicals. Treated baits which are carried underground into the nests by 
the ants are particularly effective. 

Dothistroma on Pinus rdiata in New Zealand has been kept under control by copper
based sprays (Oilmor aOnd Noorderhaven, 1973); and a brown needle disease, probably 
Cerooo~a pini-densiflorae, seriously affecting f. caribasa seedlings in Malayvia was 
controlled by nursery applications of the fungicides benlate, topsin N, daoonil or difola
tan 4P (Ivory, 1975). 

The insecticides and fungicides most conmonly used are noted in tables 3 and 4. 

Biolociaal Control 

Biological control of insects has been used with em~cee@ in certain cases, usually 
after the poest has grown to oidemic proportions. In southern and eastwo Africa, for 
example, a Xymarid egg parasite imported from Australia ha. proved to bean effective agent 
of control against the Eucalyptus snout beetle, Oonipterus scutellatua, a major defoliator 
of ucalyptum spp, (Browne, 1968). 

Noohanioal Control 

Noohanical control can be effected either by physically removing and destroying the 
posts or by eliminating an alternate hoot. Some fungal diseases, for example, have alter

nate hosts. The best known example is white pine blister rust (Cronartium .2 21a) on 
Pinus strobus and other 5-noodle pines, the alternate hoot being species of Ribes. The 
control method in such oases is to eliminate the alternate hoot plant by cutting or by 
using herbicides within the plantation area and for a zone (at least 3 kilometres wide) 
arouwd the periphery. 
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In Tuiia the Eucalyptus longhorn
under control 

beetle, Phoraoantha semipunotata Was broughtby the use of trap trees. Prom ten to fifty trap treesused, depending on the severity of 
per hectare areinfestation. The trap trees aresliering the bark with a out and, aftermachete, they are leaned into the crownsAfter a of the remaining trees.few weeks, the trap trees are extracted 

and burned. 
and their bark, with beetles, is removed
The wood can be utilized. Sexual attractante can also be used to draw the
insects to the trap trees. 

In the case of undesirable insects which pupate in the leafraking up the litter or top soil,litter and burning helps to reduce the incidence of the attack. Pigs routingin the litter in pine plantations have been found beneficial in South Africa.America, leaf-cutting ants are sometimes burned out 
In South 

by soaking their nests with keroseneand igniting. 
Chemical control is preferred, however.
 

Table 3: 
 Useful Insecticides
 

Pest 
Chemical Control 

Aphids 
 DD?, Demsthon-methyl*, Diasimon, Dimthote, 
Xalathion, Xenason*, Mevinphos*, Nicotine,
 
Oxydeeton-methyl, Parathion, Phosuhamidone,
Shradan*, BHC (or DD? with BMC), Endrin,
Meoarbam. 

Betles 
 EXC, DD?, BC with Thiram, Derris, Malathion.
 

Capside 
 ISOC in Petroleum oil (only for hardwoods in 
dormant stage), BHC, DDT, Diasinon, Niootine. 

Caterpillars DI), Derris, Movinyhoo*, WKOC in Petroleu 
 oil, 
Lead arsenate, "Rhothne", Carbaryl, drin. 

Loaf-outting mts Mrax, Aldrin, Dieldrin, Neptachlor, Chlordane,
 
BCH, Lindane.
 

Leaf hoppers and miners 
 EEC, DDT, Malathion, Diasinon, Niootine,
Parathion. 

ites and red spiders Deomton-methyl*, Ox.deswtont4ethyle, Schradam, 
Ttradifon, Asinphoo-cothyl, Chlorbenside,
Chlorfenson, Diasthoste', Ethion, "Kelthane, 
Malathion, Phosphamidon*.
 

Sawflies 
 MC, BC with DDT, Endrin, T phehamidon*. 

Soil pests (termites, Aldrin, Dieldrin, MC, DD?, Lead asenate.
chafer-grubs, out-vorm, 
ete.) 

Weevils 
 Dl?, Alrin, Dieldrin, Rhothane. 

These are eytemio inseotioides (that is, absrbed mid distributed
 
in the plant sap).
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Table 4 Useful Pnxioides 

Diseases Chemical Control 

Damping off fungi in nurseries, needle Bordeaux spray, Captan Orthioide 
blight (Scirrhiza acicola), blister rusts
 
(GronartiM cO ptZ .r 

Southern cone rust (Cronartium strobolinum). Ferbam 

Cedar blight (Phomopeis juniperovora). Phnyl-inercuri-triethanol-a=oniu
lacrtate 

Mildews, scab, Dothichiza op. Lime sulphur 

Needle blight (Dothistroma 1i ), needle Copper fungicides 
cast (Lozpiodermium pinatri). 

Root fungi (Fomes annosus, Armillaria mollea) Creosote (painted on out etumpe) 

ANIMAL DAMAGR 

Damage by Wild Animals 

Dage to forests by wild animals mainly takes the form of tree browsing or of 
barking. There are three main orders of wild animals responsible for damage: 

- rodents (rats, mice, moles, squirrels, chipmunks, and porcupines);
 
- laoophs (hares and rabbits);
 
- artiodartyls (deer, antelopes, pigs and buffaloes).
 

In specific geographical regions, serious damage is also caused by probosoidee 
(elephants in Africa and southern Asia), marsupials (oppossuma in Australasia and the 
Americas) and primates (monkeys in Africa, Asia and South America). Seed-eating birds are 
also a frequent cause of difficulty, particularly where forests are established by direct 
seeding. 

The principal methods of controlling wild animal damage are by use of (1) fences, 

hedges and ditches; (2) poison baits; or (3) by shooting and trapping. 

Fences. HeSde and Ditches 

The construction of barriers, such as post and wire fences or impenetrable live 
hedges (thorn bushes, cactus, etc.) are the most effective means of preventing the ingress 
of most wild animals, except the climbing types, the very mall ones (rate and voles, etc.) 
and the very large animals (elephants, buffaloes). 

Fencing is easy to erect at the time of establishnt but is generally expensive. 
Where alternative means of protection are not fe~aible, the cost of fencing has to be 
accepted. 

The type of fencing used varies with the type of animal to be excluded and the 
materials available. The standard fence for doer is 2 m in height, made of six strands of 
barbed wire strained on angle-iron or wooden poets at intervals of 3 to 4 m. In Europe, a 
long-lasting deer fence using metal posts is expensive, but fences using wire mesh and 
creosoted wooden posts cost much loes. Where rabbits and hares are the main source of 
t-ouble, fine meshed (107 x 3 cm) wire netting is necessary along the lower part of the 
fence. In the U.K., it is also standard practice to bury the bottom (15 cm) of netting in 
the ground to prevent rabbits burrowing under the fence. Electric fencing has been used to 
exclude wild animals and domestic stock, but in general has not proved satisfactory. In 
very dry climates, they are ineffective unless fitted with an earth return wire. 
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Poet and rail fences are sometimes used where wire isto obtain and %here ligt too costly or too difficultpoles are plentiful. In Kenya, a form of postproved effective against and log fence hasmost game for taungya plantations. It consists of pairs of posts1 m apart at 2 m intervels with the interstices filledplanted area. In the 
with logo or wood cleared from theAfrican Sahelian zone, fences are sometimes constructed as stakedbarriers of thorny or spiny branches.
 

For the exolusion of elephants 
 and other species of big game, moats (2 byditches covered with brushwood) have been found 1.5 Ito provide a most effective barrier in Kenya. 
Hedges or barriers of closely planted bushes or trees, often of opine-bearingspecies,planted roumd the periphery are used in many countries to exclude game or, more often,mestic grazing animals. In Kenya,trial plantings of eucalypts spaced 

do
fer plantations are reported as 

1 m apart around conihaving satisfactorily excluded very big game. 

Hedges have many limitations in their usefulness:
 

1) They must be established several years ahead 
 of the planting work andthis is often inconvenient or not possible;2) They need frequent tending, triming and shaping to maintain their effectiveness;31 They are not effective against small animals;
4 They are subject to damage by browsing, bark stripping and 
firel5 They take up more space than fences and

6 They hinder transport.
 

Poison Baits
 

Smaller manwmals such as rodents and 
 lagomorphe are mainly controlled by thepoison, distributed either use ofin bait or
Most poisonous chemicals 

applied directly to ground vegetation or tree seeds.are of the "contact" variety, which are effective only as long asthey remain on the 3urface of the trees or seeds, but research is currently being undertaken into the use of systemic poisons which are absorbed and translocated by the plant
and provide protection for considerably longer periods.
 

Strychnine, zinc phosphide, 
are 

sodium arsenite, warfarin, "1080" and thallous sulphateexamples of the many different poisons distributedmethod in bait. In Australia a generalused for controlling rabbits is the distribution from the air of chopped carrotstreated with "1080". 

Ehdrin/aldrin emulsions and toxajhane (chlorinated oamphene) have been srayedvegetation or young trees as on a repellent.
 

Various poisons have 
 been applied to tree seeds to reduce damage from rodents andbirds. Eidrin, a non-.phytotoxic formulationdioulphide) has been used containing thirai (tetro-ethyl.thiuramo.most 
recently found 

commonly especially with coniferous seeds. Endrin hasa wider applioation on tree seed in sub-lethal doses as a repellent. 
Colonial animals which live in burrows can be controlled by fumigationwith hloropicrin, phosphine, or gassing 

extensively in Victoria and 
carbon monoxide or oyanide. A new fumigating, which is beingtriedWestern Australia, consists of carbonfoaming agent, hich monoxide combined with ais forced into the warren killing the rabbits and coating the burroswith a residual repellent slime. 

The main limitations affecting the use of heaioal poisons are their toxicity tothe people handling them and to ncn-offending animals and the prohibitions relating totheir use imposed by law in many countries. 

ShootinR and rapping 

Shooting and trapping is
with fencing and poisons. Where 

also used to control wild animals, often in combinationthe wild animals have value an food or as trohies,trol by hunting can often be organized throug volunteer hunters without 
con

cost (sometimeseven .with financial gain) to the plantation pro4-t. 
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frespass by Domestio Animals 

In some countries grazing or browsing by flocks of sheep sad gosts, herds of cattle 
and more rarely of equines can constitute a major menace to young plantations. 

Hedges and fences are commonly used to prevent trespass of domestic animals. In 
other circumstances, particularly where fencing costs are prohibitively high, trespases can 
be controlled by guards, and by taking legal action against the owners of straying animals. 
The impoundment and confiscation of such animals may occasionally prove an effective 
deterrent. 

In many regions, especially in dry areas, free-range grasing by goats is tradition
al in degraded, eroding grazing lands. Extensive enclosures for forestry can mean the 
imposition of drastic changes in the habits and economies of the commities affected. In 
such circumstances it would be unwise to comence afforestation unless alternative means 
of livelihood, compensating the communities for restrictions in their traditional use of 
the land, had been provided beforehand. This generally implies the initiation of integra
ted connunity development schemes including improved agriculture and husbandry, better 
comunications, schools and medical welfare, increased opportunities for employment by the 
development of rural industries, including afforestation and rural forest industries. In 
some cases, such development may involve providing inducements for looa'lied emigration to 
new industrial centres, as occurred in southern Yugoslavia following the outlawing of all 
free-range goat grazing in the nineteen fifties. 

Trespass by Man 

This can take many forms - encroachment cultivation, the diversion of water sources, 

the taking of wood and other forms of forest produce, unlawful hunting and fishing and 

other recreative uses of a forest. In general, the risk of damage by human trespass is not 

serious in the case of newly-established plantations except inasmuch as it increases the 

fire hazard. Where such forms of trespass constitute a hazard or are likely to develop 

subsequently as a source of trouble, it is part of good planning to make allowance for suDA 
coinumity needs from the beginning of the plantation work. This may mean reserving certain 

areas of the plantation for the production of fuelwood, poles and other produce in demand 

by the local comunities, by providing authorized hunting and fishing facilities, or by 
channelling people seeking recreation to specifically reserved forest amenity areas, pro
vided with picnic sites, camping grounds and forest accommodation. 

FIlU Pi F'E('! IOI 

The Pire Hazard 

Damage by fire imposes a serious threat to plantations in most countries. The fire 
hazard increases, of o-rse, in the dryer climatio regions, but even in relatively moist 
or high rainfall areas, there are often warm and dry spells when the fire risk is high. In 
many parts of the world, annual or periodic burning of vegetation is common practice, and 

establishing plantations in such areas requires that fire-risk should be a major considera,
tion from the early stages of development. 

Fires may originate from natural causes such as lightning, but most occur as a 

result of the activities of man. Plantation fires may start from camp or picnic fires, 
from fires spreading from farmland on the perimeter of the forest, from the activities of 
hunters or from burning by sheperds or herdsmen to improve grazing. There have even been 

recorded cases of deliberate firing to create employment in suppression and replanting or to 
show disapproval of forest policies. As forest contractors are also often careless in 
their attitude to fire, it would be advisable to include some fire protection requirements 

in contract agreements. It is not possible to prevent a climatic build up of high fire 
hazard conditions, but much can be done to minimize the risk of fire by public education, 
by involving local people in forestry and by persuing policies sympathetic to the political, 
social and economic needs of the comunity. 
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Where planted crope are either not weeded or are partially weeded, they areticularly vulnerable to parfire during the establishment phase. Where plantationsweeded, however, there is are cleanno fire risk. By cultivating the soil there is no combustiblematerial at 
ground level a. the entire planted area including individual trees are protected. Once a plantation crop closes canopy, if the canopy is sufficiently dense toexclude grass and other weeds, then the risk of fire remains low. If,however, theplantation crop is light crowned, allowing a fairly dense ground cover of weeds, thin thefire hazard is high. 

The main principle in protecting plantations against fire is that where there isinsufficient combustible material 
fire risk. 

to allow a ground fire to develop there is little or noDangerous and damaing plantation fires can only develop when fire can occur
at ground level.
 

Fire Prevention and Hazard Rehaotion
 
The layout of a plantation is influenced by a number of factors already noted butfire control is one of the main considerations, which not only influences road and firebreak alignment but also the dimensions of compartments and blocks, among other items.A plantation requires both ta "fire plan" and a fire control section. One of the primaryrequirements of such 

trained 
a plan would be to provide training in control and fire-fighting. Afire control section would be responsible for controlled burning,firebreaks, assesent of fire hazard, maintenance ofmaintenance of fire towers, fire reporting andinitial fire suppression. Fire may outsidestart the plantation and carry in or may
start inside and spread. Consequently fire control operations should be designed to prevent fires from both these sources. 

1irebreake
 
The purpose of a firebreak is to provide access through theprovide a fuel-free plantat.ons and tobarrier to fire. Firebreaks are generally oriented at right angles tothe direction of the prevailing wind during the dry season.
tute a firebreak. A road may be supplemented by a narrow 

A road in itself may consti
firebreak. Firebreako maintained by ploughing are 

ploughed strip to form acomposite
sometimes ineffective ifheavy grasscover is only partially removed during cultivation, and of course such cultivation adds to
costs. Wide, cultivated firebreaks give every appearancebe wide enough to of effectiveness, but can seldomprevent spot fires crossing from a high intensity fire. In addition tobeing costly to establish and maintain, they channel wind flow along the break and causeturbulence at the plantation edges.
 

Green firebreaks planted to suitible, usually evergreen speciespossibility. are a furtherThe main requirement of a green firebreak is complete canopy closure and a
clean forest floor maintained free of litter by periodic burning. When controlled burningis practised, green firebreaks become largely redundant as they receive the same treatment 
am the plantation. 

With the limitations of the various types of firebreaks,intensive internal network of narrow olear roads (at 
the trend is towards an

least 7 m of right-of-way) which serveas access and as firebreaks within blocks.
maintained, where there is a 

At the same time, perimeter road/firebreaks arerisk of fire from outside the plantation. To prevent fireentering a plantation from the surrounding areas, controlled boundary burning is often
practised. 



Although the tendency is "ward narrow firebreaks, wide breaks are stil 1 used. 
In Pinus patula plantations on the Viphya Plateau in Malawi, firebreaks about 
200 m wide are preferred. Where possible, these are sited to take advantage 
of natural terrain features such as rooky ridge outcrops. The firebreaks are 
burned annually to reduce fuel buildup; in addition a strip about 2 m wide is 
cultivated around the entire plantation perimeter to guard against the entry of 
low ground fires. (Courtesy D.A. Haroharik) 

Control BurninE 

Control burning is affected within the plantation in suoh a way as to ouse no 
damage to the standing crop. It is, therefore, restricted to thick barked species and is 
reldom possible until the tree crowns are well above reach of the ground fire (i.e. after 
.anopy closure). The timing of the first control burn in a young plpntation is oritioal; 
for pines a mean height of between 8 to 11 m covers a range of likely suitable conditions, 
but this will vary with local oonditiono. 

Where the fuel layer is heavy, burning should not aim at complete removal in one 
operation, as the conditions suited to a single burn could cause too intense a fire with 
inevitable damage to the trees. Feavy fuels can, however, be removed by several successive 
burns over the same area - removing a proportion of the fuel bed on each occasion. 

Control burning is carried out under ao',irately defined weather conditions which 
should allow a prescribed pattern of fire behaviour to be achieved. It is best done late 
in the wet season, or early in the dry season, and at night, or at least after the hottest 
part of the day. As experience is accumulated it should be possible, for a given set of 
conditions, to estimate a period during which control burning will be effective. 
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The following general pescription@ are valid for most conditionsi(Cheyney, 1971): 
1) Conduct test fires to determine first the rate of spread of fir* and

second at what time fires might be self-ertinguishing these should
be 	 carried out in advance of the main burning operations.
 

2) If the forward spread of buwning exceeds 60 cm 
 per minute, buwning
should not be carried out. 

3) 	 Burning should only take place when wind conditions are calm or less 
than 8 kn/hr. 

4) 	 There should be no burning if the relative humidity drops below 35% 
during the day.
 

5) Burning should comence 
 in 	the afternoon or later when the relative 
humidity rises above 50%. 

6) 	 If tall graso is present in the plantation, burning should occur
before theme annual grasses have become fully dried. 

Fire Dotuotion, Assessment and Supression
 

iro Delotiom
 

A soumd fire detection system is usually based on fire towers. 
 These towers shouldbe 	sited to give maximum coverage of the plantation and environs and should allow readytriangulation so that accurate oross bearings can be recorded. Each tower should be equipped with an alidade, binoculars and a radio/telephone. The system should be established

early in the plantation development.
 

Fire Danger Assessment 

Where there is a high fire hazard, the setting up of a fire danger rating system isrecomended. Such a system which relates the four major meteorological factors affectingfire behaviour - temperature, relative humidity, wind speed and long and short term droughteffects - may be readily calculated for most conditions. 

Fire SADression Techniques 

The first essential in fire fighting is 	 that there should be adequate transport tocarry personnel to 	the ite of fires as quickly as possible. If dealt with quickly, manyfires can be readily extinguished by hand. A suitable range of equipment for a gang ist 

- knapsack spayers - hoes (long handled with large blades)- shovels - light, strong pointed - electrio torches (for night operations)- axes (preferably 4 lb) - drinking water supplies- maohettes - first aid kits 

Other items are the rake/hoe or KoLeod Tool from Australia and back firing drip torches. 

There is a considerable range of mechanised equipment for fire control - pupe,tankers and tractor units  which may be required under certain conditions. For effectiveuse of much of the pumping equipment, there have to be suitable water supplies within easyrange of the plantation area. Where water supplies are inadequate or too distant, reooursehas to be made using fire fighting methods not requring large volumes of water. 
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No two fires are likely to behave in the am way, but the following are general
 
fire fighting techniques which miet be employed in particular situations:
 

1) 	 The first point of attack should be the head of the fire, followed 
by the windward flank. 

2) 	 Firelines parallel to the edge of the fire may be formed byt 

a) raking or hoeing to mineral soil and;
 
b) by pushing material directly into the fire.
 

3) 	 Back burning can be very effective but requires experionced crews. 
It should only be attempted from less than 100 m directly in front of 
the head fire. 

4) 	 Where water is scarce, it must be used efficiently; it is of particular 
importance in mopping-up. 

5) 	 Mop-up is the extinguishing of all burning and smouldering material 
within 20 m inside the fire control line. It is essential to continue 
mop-up and patrol until a fire is oompletely extinguished. Many 
apparently dead fires have restarted after being abandoned too soon. 

It is essential to train staff and labour in fire fitting techniques. Training 
exercises should be held periodically, but too frequent training may reduc, rather than 
increase interest and efficiency.
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CflAPrM 6 

PLANTATION PLANNING 

INTRODUCTIONI 

Planning can be done at several different levels. A simple example of the type of 
objective to be aohieved at different levels of planning might bet 

Level 	 S~anple 

1. 	National forest policy or Make the country melf-sufficient in wood 
national forest objective by 2010 A.D. 

2. Nation&l quantitative forestry 	 Produce X million n3 of pulpwood annually
 
target 	 in 2010 A.D. and an additional %annually 

thereafter. 

3. 	Project aim Plant 2 000 ha of P patula and 500 ha 
of Eucalyptus grandis annually in district 
A, for.rodwuction of Y "0 of long fibre 
and Z *of short fibre pulp on rotations 
of 	20 and 10 years respectively.
 

4. 	 Operational planning Arrange beforehand how and dhen to obtain 
seed, 	 prepare nurseries, carry out site 
reparation et., in order to achieve the 

project aim a efficiently "a possible. 

5. 	 Execution or maaement Convert operational plans into effective 
action. 

A revious publication (FAO, 1974) reviewed the prinoipal features of development 
planning and explored how to identify the appropriate role of the forestry sector in 
national planning, how to define this in term of sectoral objectives, how to translate 
these into quantitative goals and targets and how to identify and appraise projects within 
this framework. It did not cover operational planning - the balancing of work and resources 
in the short term and the completion of pogramme of work within a timetable. Another 

Previous Page Blamk
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document (Fraser, 1973), dealing with the planning of an-made forests, included a chapteron operational planning, but was mainly concerned with the phases of project specification,
collection of data and project appraisal. 

The present chapter is concerned solely with the operational planning ofplantations - plantation management planning. of planning 
forest

This type assumes the existenceof clear directives ihich give little freedom of choice to the projecthe does but manager as to whatsome degree of freedom as to how he does it. 

Althoug the scope of the chapter
planning, it is necessary 

is deliberately limited to plantation managementto otress the clooe relationship between the different levels orphases of planning. The methods worked out to achieve an objective at one level of planning often become the objective at the next lower level. 
 Later experience will bring about
an intera.tion between several planning Forlevels. example, experience gained in executing an operational plan may indicate how it should be improved, while project aims maymodified periodically beto conform with changing national needs. As has been often stated,planning is an iterative process. 

PLANTATION MANAGENT PLANNING 
Project operational planning provides a programpe of action designed to fulfil theai=s of the project. It prescribes what work will be done, %here, how and within whattimsecale. Because of the long-term nature of forestry, it is essential that the outcomeof planning forest plantations be expressed in the form of a written plantation management

plan.
 

The manager of a forest plantation project is likely to be concerned with threelevels of project plannings 

1. A skeleton plan for long-term management of the project, which may cover a fullrotation or.more. Prepared during the phase of project identification/appraisal,it provides a framework in which the project manager is expected to prepare amore detailed management plan during the phase of operational planning. 
2. The plantation management plan, covering a mediue-term period and providingbackground information and m.%nagement prescriptions. 

3. An annual programas of work, indicating the work to be done, the resourcesneeded to do it, and when it is to be done. This can usually be prepared onstandard forms, with a monthly or weekly breakdown. 

COLLECTION OF DATAPOR THE PLANTATIC MANAGEVNr PLAN 

The collection of relevant data is fundamental to all phases of planning, and thequantity and detail of additional data required in the operational phase will dependgreat extent on the quality of data collected in the previous phases. In 
to a 

wherethe project identification and appraisal phases have been both 
some cases, 

expeditious and efficient,very little additional data may be necessary. data requiredThe for a plantation management plan include resource, operational and institutional data, for use in both the descriptive and the prescriptive parts of the plan. Much of the technical and cost data willbe derived from past plantation work, from pilot plantations or from trials. Operationaldata will be derived from records of past in thework either project area or from comparable conditions outside. Where adequate data have not already been compiled, surveys aybe necessary. Very often data such as 
to use estimates, while 

costs are not readily available and it is necessaryclearly stressing the need to make good the deficiencies by subsequent collection of the necessary data. 
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Resources Data 

The main resources to be considered are land, planting rtook, materials and equip
sent, human and financial resources. The required information on these is availability, 
productivity and cost. 

Land Resources 

The first essential is sufficient plantable land to accommodate the project
 
planting prorasieI indeed, excess land in desirable to allow for unforeseen problems and
 
possible future expansion. Where tribal or other legal rights affect the long-term use
 
or availability of land, such matters require determination and clarification before
 
further planning is undertaken. 

In the early stages of development it is not possible to asign site quality
 
classes to soil types, but a simple plantability classification can indicate the better
 
areas for planting. The assessment of plantability requires a soil survey and the prepa
ration of mape showing soil types, forest capability and vegetation types. At the same
 
time as the vegetation is recorded the tree cover is sampled for basal area to give a
 
measure of tree density, a major factor in land clearing.
 

Etablished growth trials of plantation species should be available to indicate
 
the productivity for the range of plantable sites. There is some merit in planning to
 
plant the better sites first while research and growth trials produce further data on
 
secondary or marginal sites. Where forest reserve land is available, there are no direct
 
costs for the resources but, where land is acquired by purchase or compensation, such
 
costs are recorded and debited. The annual requirements for planting )and should be
 
allocated on a map of plantable land.
 

Planting Stock Resources 

The primary requirement is an adequate and sustained supply of seed of the selec
ted species nd provenances. Sclec~ton of species is a major subject but it is assumed 
that speciec and provenance trial,' will have been extensively ^valuated prior to the 
preparation of the plantation management plan. Seed supplies often prove serious cons
traints on the proposed rate of development. Sources of supply and storage facilities 
should be precisely determined. If importation represents a risk, then local seed produc
tion and methods of expediting this must be given priority. Availability of seed must 
necessarily have some influence on the planting rate of species previously selected for 
silvicultural and utilisation reasons. A high standard of nursery technique is necessary 
if the highest possible number of vigorous, plantable plants is to be obtained from a 
given quantity of seed. When purchasing seed it is the cost per plantable seedling and 
not the cost per unit weight which is of consequence. The annual requirements of seed and 
seedlings and the cost should be readily calculated from the data collected. 

aterial and Equipment Resources 

These fall into three main categories: those required for the administrative 
organisation, for operational activities or for maintenance and support. Administrative 
requirements include offices and buildings and minor items such as office equipment and 
stationery which are common to any enterprise. Operational materials and equipment are 
specific to plantation development; a general outline of such equipment and material is 
given in Appendix C. Maintenance and support items include workshop equipment, transport 
and spare parts. The critical factors with reference to stores are to select those items 
suited to the particular work and scale of the project and to ensure that such equipment 
or materials, together with spares, are available on site when required. This necessitates 
the provision of ample storage. 

Equipment offers a considerable range of options, and the types suited to the 
-work should have been determined at the appraisal stage. 
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The productivity of equipment is critical to the efficiency of a project. Evaluations of the output of equipment may be of little value unless allowance is made forvariables and the basis of measurement is stated. Oood productivity requires as full anannual or seasonal utilization of equipment as possible. Scale of operation and operational data are required before most stores or equipment requirements can be set out.When the types of equipment and materials have been finalized, an assessment of the totalrequirements by years can be drawn up for the full period of the project. 

The purchase or capital cost of all project materials and equipment is requiredfor estimates, budgets and costing the total project requirements. For comparative evalusotions, the planner requires the hourly operating cost of the equipment, from which unitproductivity costs can be calculated. In the initial stages of a project this may have to
be estimated. 

Human Resources 

Nan is the most important resource in the project, and due consideration of hisabilities and reactions is required in deciding on possible courses of action. The possiblesources of labour and .Aaff require study, as they determine the need for additional investment in transport or housing. Employees benefit from a plantation project not only incash wages, but also froti training, improved housing and security. Experience in Swazilandpoints out the benefits of employees living in mixed co
project settlements of villages 
nunities rather than exclusive


(1fastie and Mackenzie, 1967). A plantation project involvesmany skills and requires managers, supervisors, mechanics, machine operators, administrative and clerical staff, medical staff and both skilled andif casual labour. In particular,a project is to be selectively mechanized, then provision for the employment of skilledmechanics and operators is mandatory, and training will often be necessary. The availability and capability of the management and supervision require careful assessment. 

The cost of human resources is the suam of salary or wages, social and fringebenefits, leave and sick time. The manpower requirements of .%e project should be set outfor staff by years, categories and responsibility. Labour is similarly recorded, but operations replare responsibility. To estimate the annual labour force, a calendar of operations and labour inputs not only gives the necessary data but
requirements to be smoothed out to provide 

also allows fluctuations in
 
more regular eziployment. Information on the
productivity and unit coste of labour will be extracted from operational data. 

Financial Resources 

Generally some indication of the finance available for the full project, or a phaseof the project, will have been given at the outline or appraisal stage. The plantationmanagement plan should be tailored to fit this financial framework, but where financeproves to be a critical constraint the case for an additional allocation should be made.The total costs of the land, planting stock, material and human resources, plus contingency,represent the allocation required, and the range of these figures should be set out asannual requirements for the entire project period. 

It is important that the financial authority should understand that a plantation
is a dynamic enterprise not readily accommodated in the 
fiscal year concept. Plantationoperations such as land clearing, nursery and weeding are interrelated in time in that oneyear's programe can affect both the previous year's and next year's programme. This meansthat delays in funding or erratic allocations will not only affect the year of occurrence,but also peat and future investments. Two possibilities of overcoming this problem areeither to consider the project as a capital investment until normality is achieved, or tomake funds available on three or five yearly allocations. The ready availability of funds,
however, does not preclude carefully planning their investment. 
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Operational Data 

The data to be recorded in this section for all plantation operations aret 

1) Unit of measurement - eg. ha, km or '000 plants;
 
2 Input -man-days, machine operating time, materials;
 
3 Output - units per hr, per day, etc. and
 
4 Cost - of each resource per unit.
 

These data allow a ready estimation of the productivity of men and machines and of the 
total requirements of such resources for particular project operations. The collection 
of operational data is critical and fundamental to the planning process. The information 
must be the best known and may be extracted from costing records where available but, if 
it is lacking, sampling work outputs may be necessary to provide indicative data. Opera
tional data provide a basis for appraisal, for estimating resource requirements, and 
budgeting; consequently it is vital that the source and reliability of all such data are 
recorded. A project or plan is only as realistic and workable as the data used in its 
design. The combination of resource and operational data into arithmetical calculations 
leads directly to management prescriptions. A simple example for seed collection and 
handling is shown in Appendix D. 

Institutional Data 

Institutional factors to be noted are mainly of a political nature, 5ut include 
the project legal framework and the commitment of the supervising agency in other fields, 
such as training. Other factors on which information shotuld be collected are the inter
relationship of the local community and the project, facilities for m.tltiple land use and 
information on plantation research in progress but insufficiently advanced for appraisal. 

The legal framework should provide appropriate and effective legislation and 
regulations and the means to enforce them. It should also be determined that an adequate 
management and administrative structure exists or will be available to run and service 
the project. 

PMEATION pLAOPL MtNAODGNT 

Purpose and Content 

The plantation management plan forLs the basis for management action and forecasts 
and records in some detail what the plantation manager has to achieve over a period. In 
the case of a 30 year rotation, the initial plantation management plan might cover sai 
five years or possibly le.ss. The remainder of the project life will be covered by similar 
periodic plans. This periodic planning allows a flexible approach to project management 
and, the more stable and well defined the project environment, the longer the plan periods 
can be. The presentation of the plan should be kept as simple as possible since effective 
management requires some flexibility in the planned work programme. For complex projects 
or problem areas, network analysis may prove a useful management tool in solving problems 
or bottlenecks. An introduction to network analysis is given in Appendix E. 

There is no set form for a plantation management plan, this must vary with local 
conditions and requirements, but the three essential parts in any plan may be considered 
as Part I, Directive; Part II, Descriptive and Part III, Prescriptive 

Part I, Directive, consists of the instructions received by the project manager 
from higher authority as to what the project is to accomplish. Part I cannot be altered 
by the project manager, but only by the authority whioh issued the original direotive. 
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Part II t Descriptive, provides information on 	 the local environment, peat history,
existing facilities in staff, roads, buildings etc., which is the essential basis for
 
manafement prescript ions.
 

Part III, Prescriptive, prescribes how, when and with what resources future opera
tions are to be carried out in order to accomplish the purposes of the project laid downin Part I. Normally the project manager has discretion to alter these preecriptions in
the light of experience, in which case he munt inform higher authority end amend the
written plan. Part III will require more frequent revision than Parts I and II. A conciseoutline of the headings which could be included in a plantation management plan is as
 
follows.
 

Outline Plantation )anagement Plan 

Part I Policy and Objectives

(Directive)
 

Policy
 
Ob jeat ivea
 

Part 11 Basic Information 
(Descriptive)
 

The project environment
 
Land availability and suitability
 
Institutional framework 
Past management and history of the project 

Part III Present State and Future Manasement
 
(Proscriptive)
 

Allocation of working circles 
Detailed prescriptions of activities 

- Plantation operations 
- Other works 
- Provision of resources 
- Finance: expenditure budget and revenue 
- Costings, records and control 
- Map records 

The Plantation Management Plan, Part I 

Part I should be receiveoa by the project manager as a directive from higher authority. He is responsible for ensuring it is recorded in the written management plan. The
objectives of the project should be stated with complnte clarityl if they are not, the
project manager should seek clarification before starting his own operational planning. 

The Plantation Management Plan. Part II 

Part II sets out the information basic to the project. It should includes 

1) 	 A description of the project environment including the location of the project
and information on geology, climate, hydrology and natural vegtation; 

2) 	 The land availability and suitability, described in the text, and supported by
tabular statements and maps. Where site classes are known these should be 
defined and delineated; 



3) 	The institutional framework of the project incluing its legal status, together 
with its organizational structure;
 

4) 	The past management and history of the project, including a brief description 
of project development and any pat management information or data relevant to 
project development. This section should note any salient features on which 
the planned project programme is based. This section of the plan will be 
brought up to date at the 3nd of each plan period by adding what has been 
accomplished in that period. 

The Plantation Xanagement Plan, Part III 

Part III is the most important part of the plan, it contains a forecast of those 
operations that are to bts implemented by management. Where necesoary, the project work 
may be divided on the basis of different species or different silvicultural systems, by 
the allocation of working circles. Plantation propammes of work are set out by years for 
each working circle for the specified plan period (see, for example, Appendix ').* The 
plans for each year can readily be extracted and shown as "annual programee of work" for 
all project activities. These annual rogrammes may then be further broken down by time 
and area to serve as action plans for assistant managers and supervisors. See also page 146. 

The detailed prescriptions of activities generally record the present state and 
prescribe what future work or action is required under the following main headings: 

1) 	Plantation operations and other works 
21 	Provision of resources
 
3 Expenditure budget and revenue
 
4 Costs, records and control
 
5 	 Map records 

Plantation Operations and Other Works 

This section covers the main plantation and building operations. The state at the 
oomencement of the plan is recorded and detailed prescriptions set out the method of 
operating and the quantity and timing of forecasted inputs and outputs for each operation. 

The main relevant operations are:
 

Plantation operations 	 Other Works
 

Allocation of land Building and services
 
Surveys Maintenance of buildings and srvices
 
Establishment of nurseries Maintenance of transport and equipment 
Raising plantation stock 
Land clearing and preparation 
Plantation layout and oonstruction of acoess 
Plant ing 
Beating up
 
Fertilizing
 
Weeding
 
Brash ing,/Pruning 
Thinning
 
Final felling
 
Fire roteotion 
Road maintenance
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The present state and prescribed work for eaoh operationtabular form. The prescription is very often not out inis usually supported by details of the estimatedof labour, inputsmaterial and equipment for the main operations. The preriptions ooncentrateon what will be done, where and when, and the method may be covered by referring to a handbook or memoranda of instructions, or may be described in detail if such referenoes arenot available. 

The forecast of planting is affected by land availability, species growth andyields, rotation and markets, and by availability of other resources.afforestation schemes In the case of largeit would be convenient to divide the available areas into a numbereven-sized planting blocks corresponding to the number 
of

of years in the rotation. In praotice, it is more comnon to comence planting at a reduced scale and, as experience andexpertise are developed, to increase the rate. On the other hand,exists, where the capacityinitial planting rny be at a rapid rate, which later will increase the options inchoice of rotation length, and in an era of inflation reduces total establishment costs. 
Plantation layout includes the design and delineation of compe rtments,and secondary roads, rides and blocks, mainfire traces. This constituteswhich a major aspect of planningrequires careful study for specific projects. The initial layout should be adapted
to the pattern of plantable soils, topography and natural features,
also be but the design willinfluenced by fire protection requirements and anticipated methods of logging andextraction. Some projects have exceptionally large compartments of over 200 ha, but a moregeneral range is between 20 and 40 ha. Blocks may be of any size but are generally confined to one year's planting. 

Reading densities vary but usually of the orderare of 1 to 4 km per square kilometre, according to terrain. Only a small proportion of the roading needs to be higstandard; most can be low class roads. Initiallymay of the lover class roads are eitherunsurfaced or lightly metalled; upgrading of these roads for logging occurs closer to thetime of harvesting. Main plantation roads are generally constructed as all weather routesto allow access for planting, maintenance and fire supressioni but they are not constructedto standards suitable for logging. Some guidelines on the establishment of plantation roads are given in Appendix B. 

The major protection factors areprescribe fire prevention and suppression; the plansuch firebreaks, boundary burning, controlled burning and 
will 

other measures as areconsidered necessary. Where there is a high fire hazard the provision of radios or telephones linked with fire lookouts will be required, together with the establishment of afire suppression organization. The risk of damage from biotic causes should have beencarefully evaluated during the collection of data phase, and the selection of plantationspecies and techniques should be deoigned to minimize any such risks. 

Provision of Resources 

A general indication of resource requirements for thp plan period will have beenset out in the previous section on plantation operations and other works. The zresoriptionsin this section will set out which resources should be acquired by speoifio dates. Themain resource requirements ores 
Personneoqum
 

- Allocation of staff and definition - Machinery transport and equipmentof responsibilities - Building materials- Allocation of labour and calendar of - Froject materials and seedlabour requirements - Essential spares
 
- Training of staff and operations
 



-143-


The developent of plantations often requires the enlargement of the existing 
forest service and, in soe cases, the creation of a new management section to execute 
the planned project. The plan should detail by years the personnel required to implement 
the programe, such personnel to include professional forest managers, foresters, techni
cal assistants and various supervisor grades. The responsibility of the manager and hie 
supporting staff should be defined. The allocation of labour comrises a summary of the 
prescribed labour requirements to implement the component operations and is set out as a 
calendar of operations, a sample of which is given in Appendix G. The preparation of 
these calendars allows the labour requirements to be smoothed out both within a year and 
over the plan period, to avoid erratic dismissals and ensure continuity of employment for 
the major labour force. 

As the plantation area develops,there will be a steady demand for additional staff 
and it will be necessary to plan the provision of facilities for the various grades of 
staff to be trained in plantation management -ad operations. As labour will be required 
to develop skills in silvicultural work, nus ery work and, in some cases, in mechinization 
or irrigation, it will be essential to prov.de adequate training. 

The prescriptions for equipmient and material set out what items are required by 
what date if operations are to be completed as planned. A monthly calendar of machine 
requirements, similar to that for labour in Appendix 0, will be requirud. The requirements 
may be estimated on gross known requirements such as one tractor per x ha, or amount of 
fertilizer per 100 ha or per 1 000 plants in the nursery. 

A breakdown of material and equipment inputs will have been recorded under indi
vidual plantation operations and other works, and this can either be collated to give an 
estimate of requirements or to crose--check gross estimates. It may be necessary to seek 
specialist advice for the specifications of such items as machinery, transport and building 
materials. Where delays in obtaining certain items can be foreseen, advance ordering is 
necessary, and for many materials and spares the setting up of a strategic reserve in 
storage is essential. Late arrival of stores frequently acts as a bottleneck to implemser. 
tation; ordering of equipment, therefore, warrants careful planning and attention to detil 
so that it is done both timely and correctly. 

Appendix C gives an outline check list of equipment and materials which could be 

required for plantation development. 

Finance: Expenditure Budxet and Revenue 

The plan generally includes an expenditure budget. This budget represents the 
estimated cost of all the resouroes required to achieve the prescribed programme. It in 
usually drawn up by years and is et out under such functional headings eas 

Land clearing and repers;ion Building maintenance
 
Nurseries Equipment and materials
 
Plantation operations Equipment maintenance
 
Capital cost of land & bilding Administration and staff
 

The approved budget is the autherity for the allocation of funds to the project. If 
annual financial allocation is prescribed, then extraction of the annual data from the 
budget can serve as yearly est. mate submissions. When release of funds is requested 
during the implementation pericd, some allowances may have to be made for inflation, 
change. in technique and possible increases in operational sfficienc>-

The plan will prescribe how expenditure will be recorded. Expenditure is subject 
to audit and the records must account for all funds disbursed, and should give a measure 
of the overall expenditure of the project at any point in time. .en, during implementa
tion, actual expenditure is compared with the budget for a specified period, this should 
give some measure of planning and management efficiency. Expenditure for labour and staff 
is usually recorded on muster-rolls or pay sheets, while equipment and store charges are 
recorded by requisition and receipt. 
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Revenue is generally slight during the establishment phase of a plantation,generated fairly rapidly through but isthe thinning to the final felling phase. A forecast ofrevenue by years is usually made. 
 It is essential that the plan prescribe an adequatesystem of accounting for ouch revenue, recording the amount, the product, the source andthe date of occ'urrone and payment. 

Expenditure and revenue are usually recorded in debit and credit ledgers, andbalan-ee may be taken at defined intervals but always at the end of the financial or
accounting year. 

Costinge, Records and Control 

Complex costing and recording systems are costly to administer and very often run
into difficulties and fail. 
 It is essential, therefore, to keep them simple, particularly
at the field level, ard to record only essential data. 
The plan will prescribe a system
of project rontro'. 
 Such control is concerned with 1) maintaining the work output at the
levels set 
in the programo of work and 2) keeping the costs within the limits estimated
for particular operations in a particular period. 

Thor.) are many types of "periodic progress reports" which simultaneously recordwork completed and givo a breakdown of roject costs. Such progress reports, whichoften compiled on a monthly basis, aremust be accurate and submitted punctually. The reportsgenerally record for defined periods the items given below as the headings for a sample

form:
 

Operations 
 4 Inputs and costs
and Unite 


Work Unit
Coot Code 
 Labour Coat Plant Cost Natertale Cost Total Cocb- Costvehicle 

plated
 

machines
 

The physical inputs are measured by defined units such as man-days for labour, hours for
plant or tractors, kilometres for vehicles, and number, weight 
or volume for materials.
Standard unit costs are periodically laid down for these items and used to calculate inputcosts. The physical outputs are measured by such units as metres for roads, hectares forplanting or weeding and thousands of plants for nursery production. The report may alsoincorporate at this stage, or a later stage 1) the plan forecast of outputs and2) cumulative actual outputs and costs andcosts, and these fig-ares form the basis of the prescribedcontrol system. 
It is usual to give a code number to each operation, for ease of operation
and for possible comnputer processing. The project report gives breakdowna of costs; underplantation operations, for example, there would be a 
number of subheads covering land preparation activities, phases of planting, weeding,mechanized hand-weeding, fertilizing,pruning and so on. 
 The plantation or 
project manager uses such costs for economic appraisal and control. Where ttere are variations in actual unit costs, it should be possibleto select and develop the more efficient alternatives. It is necessary to train supervisory staff in compiling such reports and to impress upon them the value of data collected.In areas whore there is a shortage of adequate field management, reports may includecal data only, and costs may be applied centrally. It is equally important 
physi

that managementshould check reports without delay, record appreciation of efficient outputs and inquireinto significant deviations from budgetary provisions or into widely variable unit costs
for the same operation in different areas. 

The annual total of operation costs for labour and materials should be readilyreconciled with expenditure for the same period. The reconciliation of plant, vehiclemachinery costs is anda little more complicated but, providing the basis of unit costs for
equipment is soundly designed, a 
reasonable reconciliation can be achieved. 
The flow ohl tof cost records in Appendix H outlines a costing Process. 
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The fundamental plantation reoord is the compartment register. The compartment 
register should give a comprehensive and precise descriptiun and history of the compartments 
comprising a given plantation. The register may be a simple or a complex document, gener
ally recording the following information: 

1) A detailed map of the plantation area;
 
2) Details of physical features - elevation, aspect, exposure,
 

slope, land form, geology, soils and vegetation;
 
3) Site characteristics including planting suitability and site
 

quality clasues and
 
4) History.
 

The plan will prescribe that all work in a compartment should be recorded in this register 
which will contain a form or forms to records 

1 Site preparation and planting or owing,
 
2 Tending operations,
 
3 Crop assessment and
 
4) Yields.
 

The physical details of work done in a compartment can readily be extracted from progress 
reports. Some comparlment registers also record costs but, unless there is a particular 
reason to record costs at this level, the register is best maintained as a physical his
toric record. If, at some future date, the cost of operations in a particular compartment 
or group of compartments is required, it should be possible to extract this from the cost 
system records. 

ap 	Records 

The management plan, in addition to the compartment register, should have some or 
all of the following mapst 

1) 	 Plantation locality map (at 1:50 000 to 1:100 000 soale) and 

management maps (at 1:20 000 to 1150 000); 

2) 	 Plantation soil and planting suitability map; 

3) 	 Plantation vegetation map; 

4) 	 Plantation organization map - showing present roads, oompa-tments, 
nurseries and planned layout; 

5) 	 Planting and site preparation map - showing present state and
 
planned programme;.
 

6) 	 Plantation tending nap or maps - shoi ing present state and 

planned programe for major operations - and 

7) 	 Fire protection maps - showing present state and planned progamme. 

The management maps can be prepared on a basic map with a series of overlays for the 
different information. The number of maps may be reduced by combining certain data from 
separate but related sheets. The management maps form a visual record and contre of 
plantation operations, and the plan will prescribe that spsoified management maps will be 
brought up to date on a periodic or annual basis. 



In conclusion, it should be noted that the plantation management plan can take manyforms, and it is only a tool for translating policy and objectives into reality. The realmeasure of efficiency is not how well it is designed but how successfully it is implemented.Good management needs not only good planning but good implementation. 

ANNUAL PROGRAM OF?RK 

This covers the next operational year and needs to be prepared a few months inadvance of the start of the year, to leave time to have the budget approved and to providethe resources needed (Fraser, 1973). The planning can be done on forms divided intomonthlyor weekly periods giving a forecast of the quantity of work to be done during each periodby operation. After a plantation management plan ha. been smoothly exeouted for severalyears, there should be little difficulty in compiling the annual programe of work directly
from the plantation management plan. 
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Appendix A 

OR1TIA FOR JCOESSL LMDI PWNTING 

(By La. Nacins, quoted by A.?. Lamb, 1969) 

There are a number of oriteria which mast be net if a system of enrichment in to 
produce & satisfactory stand of timber trees. These oriteria have been clearly enunciated 
by Dadcins and are quoted with his permissions 

In the sense used here, enriohment by line-planting is the establishment of a tre 
crop to be closed at rotation ae. in lines spaced at intervals eoual to or slightly 
greater than estimated final-orop orown diameter.
 

There are five neoessary conditions for line planting, in addition to the normal 
requirements of healthy plant establishments 

1. 	 There must be little or no demand for thinnings in the ara concerned. 
If thinning. are required, the method is unsuitable; if large timber 

and veneer log are in demand, the system is suitable. 

2. 	 The species planted must be fast-growing (1.5 a of height per year as 
a minimm), naturally straight and self-pruning, i.e. generally of the 
oolonising or gap-filling, light demanding type. 

3. 	 There must be no upper conopy; only clear-folled, olear-poisoned or 
low secondary forest is suitable. 

4. 	 The regrowth between the planted lines mast be nan-inflam!able or 
control of fire must be oomplete. 

5. 	 Browsing animals must be absent, scarce or of negligible effect on 
planted trees.
 

Provided all five conditions are mst, the method can out the cost of a final orop 
to less than a third of what would be inourored by close plaiting. The technique then 
requires the followings 

6. 	Planting lines should be spaced equal to or slightly more - up to 
20% more is reasonable - than the expected orown diameter of healthy 
final crop trees of the species concerned. The reason for this is 
to prevent any possibility of serious between-line orown oimpetition 
before maturity, to save n establiament costs and to give mere 
scope for possibly superior species whioh maW arise naturally 
between the lines. 

7. 	 Plants sho'tld be spaced along the lines at approximately one-fifth 
of the spajing between them to allow a seleotion of about one-in
four for the final crop. If poisoned overw~od is likely to be 
abnmdant, as in very lightly felled natural forest being planted, 
then up to 30% lesses must be expected and spacing in the lines 
should be nearer 1/6th to 1/7th of spacing between lines. Only by 
this means can good form of the final crop be assured. 

Previous Page Blank
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8. 	 Planting lines must be wll-oleared about 1.8 0 wide at fire, andad. easy to awe alag, at least along one side of the planted trees,
by reaval of nest if not all woody ansgs. One planted, the lines 
must be kept olean and no overhanging or threatening growth tolerated.
Sinse this clearing work is confined to a very small fraction of the 
area, labour cest* are low and several oleanings (sometimes up to six 
or seven are necessary) can be afforded in the first twelve months. 

9. Plants must to agot away quick start. For most species this means
using ptted stock; stumps or striplings are not likely to be
suitable. Codryl has showe itself oapable of starting from direst 
seed, but this is quite exeoptional. 

10o. 	 Planting must follow inmediately on clearing the planting lines;
clearing in the early dry season, and planting three to five monthslater in the early rains is a thoroughly bad technique and will result
in at least two more clearings than otherwise. Poisoning of the upper canopy also should be tined to let in the light at time of 
planting, not before, it is recognised, however, that this is not a 
precise possibility. 

11. 	 Trees arising between the lines, unless superior in value to the
planted species, must be out or poisoned immediately they "threaten'
the plants, i.e. before they overshadow them. The greatest threatis from Nusanga, ?rea&and Kaoaranra. Similarly, climbers over-arohing
from 	the bush regrowth beside the lines, must be vigorously out backbefore they overshadow the plants, provide ladders for other climbers or
obstruct quick access along the lines. 

12. 	 Thinning along the lines is a matter of seleoting the &toms of
superior form and height. (Unless the disparity in size is very grost,fore 	and height should both be regarded a more important than meregirth). The first thinning will generally be at three to four years,
by which tins the trees should be well above the shrub and climber
regrowth. It will probably require about 50%culling of the crop. 

The above five principles and seven teohnioal guides must takenbe very seriously.Line-plaiting has very comonly failed and ha. a bad reputation among lhglish-speakingtropical foresters beoause one or other of the principles has been flouted. If all theabove are followed for a species sensibly ohosen, the technique has a very high chance
of sucoess in tropical forest conditions. 
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Ap endix ] 

AND ,STBZIM, OF PLATTO,RADS
 

L.R, L1Y MEAU 
Pulp and Paper Industries Development Progrmse

?AD, Rome 

PLAMNINQ 

The objeot and purpose of establishing a plantation road system is to provide a 
network of road. whioh is suffiolent to enable planting and tending to be oarried out in
 
timely fashion and at the lowest possible overall plantation cost, hile providing rapid 
acoess for protection purposes and a network of roads suitable for the eventual extraction 
of the final produot.
 

There are no hard and fast rules for planning road networks in areas which are to 
be afforested. Any plan must take into aooount boet; the imediate and future requirements 
for roads. Since, initially, acoess will be required for the planting operation, the 
planner mast consider the rate* of planting whioh can be achieved with different road 
densities and spacings. These are not easy to determine without reliable data on the 
produotivity of planting orews, off-road capabilities of vehioles and road oonstruotion 
costs, but the road plan must aim at reaching a balance between planting rate, as affected 
by oarrying distanoes, and the cost of road construction. 

The need for rapid access in case of fire or other emergencies must be considered in 
the road plan. In particular, each major plantation block should be reachable by more than 
one all-weather road, so that access of fire suppression orews and equipment would still be 
possible even if one main road was blocked or otherwise impassable. 

When planning the road network the planner must also bear in mind the ultimate use 
of the produoe from the forest. Since in most oases the forest being established is to be 
harvested, care mrt be taken to ensure that the location of major roads to be oonstructed 
for planting will be located to suit the future logging methods. It is not always possible 
to know in advance what logging system will be used ten or even twenty-five years henoe, but 
the planner must avail himself of the best existing data on loggi methods to assist his in 
making his decisions. 
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Although the full road network should be planned before plantation establishmentbegins, costs can be inimized by delaying construction until the roads are actually
required. It should be remembered that road oosts fore a large part 
 of total plantationcosts. Roads for planting and tending ame therefore only built as they are needed andonly to the lengtho and standArds required for these operations. During the establishmentphase it is not neessary that roads be built to logging road standards with high loadbearing capacities sine unnecessary expenditure would be carried the length of therotation, thus coat. the basicraising overall However t network will be available forupdating and extension for later harvesting operations. 

In areas being converted from natural forest to plantations, the planning of theroad network prior to primary logging, an well as the phyeioal location and oonstruotion,is of utmost importanoe for, unless unusually stringent conditions and additional roadrequirements are imposed, this network will be written off against the logging and will
not be a financial burden to plantation establishment. 

HDADNAPS
 

Road locations shou',d be indicated 
on maps of suitable scale; contour maps arebest suited for this purpose. A map scale of 1s25 000 serves well for moderate sizedplantations in the order of 25 000 hectares sine it can be hung on the wall for easyviewing and is not too small to show necessary overall planning detail. This master mapshould show all existing and proposed roads, important natural physioal features such asstreams, mountains and such other major details as planting blooks, firebreaks, lookout
 
towers, nurseries and buildings.
 

Naps showing roads in annual planting areas or plantation blocks should beavailable at a scale larger than for the master map and should show all relevant data ingreater and finer detail. A map soale of 115 000 gives good detail and is compatible

with the 125 000 scale of the master map.
 

Fbr roads in which even finer details are required (e.g. for rebuilding ortenderin), maps nd construction plans should be at a maximm scale of 11 000. Where
neoossary profiles 
of roads should be produced using a ratio of horisontal to vertical

soales of 10:1 or 20:i as dictated by the terrain.
 

HOAD INIX IN5TMM 

A road indexing or numbering system, with accompa ying m ,p is an essential partof any forest plantation programe. Roads mast be numbered so that staff and others canbe easily direoted to any part of the plantation. The system mast be systemaio and takeinto account the various classes roads and the majorof areas they serve. Since roads donot often stop within any one annual planting area, a designation by years is difficult todeviso, however, a simple numerical system is easy to formulate and is effetive. 

ROAD CLA 

A system of road classes designed to meet the needs of planting, fire suppressionand efficient supervision is given below. These clasees are considered adequate for theestablishment of a plantation in one large contiguous area; however, as experience isgained the planner should not hesitate to adjust the system to more adequately meet theplantation requirements and/or to lower cots. The basic network %*en properly alignedto fit the terrain will also serve the harvesting function. 



-153,-


Classes 

I 	 Main Road 

This forus the main access from the highway or publio 
road system to the headquarters area nd to the 
extremities of the plantation. It provides speedy, 
all weather travel. 

2 	 Branoh Roads 

This secondary system of roads is designed to move 
traffic from the main road to the planting areas in 
all weather, at moderate speeds. The branoh roads 
form the major aooess system within eaoh annual 
planting area. 

3 	 Spur Roads 

These are basic utility roads designed to move planting 
and tending orews to work sites at generally low speeds 
in four-wheel-drive vehioles. They will not be all 
weather, with the exception of portions of the longer 
spurs whioh will be surfaced eo that the end of any 
spur is not further than about 1.5 km from & surfaced 
road, as measured along the 	spur. 

4 	 Planting Tracks 

These simple, bulldozed and levelled tracks are the 
most numerous of all classes of roads and serve the 
basic needs of planting and 	tending. They are suitable 
for four-wheel-drive machinery and have an absolute 
minimal number of culverts and bridges. 

Road olasses 1, 2 and 3 are located and staked on the ground prior to logging and 
land clearing. Class 4 roads are located after clearing and burning has been -ompleted;
however, location prior to clearing, if possible, is advantageous. Road olasses 2, 3 and 
4 are built in the proportions of 1t2:4 or as near as practical to this. 

DS.rf, AND SACING OF ROAI 

The density of road network required will vary signifioantly from one plantation 
to another, but a figure of 2.5 km of road per km2 of gross plantation area is a reasonable 
estimate of the average requirement of many plantations. At this density, and at the 
proportions of 1t214, the number of kilometres of class 2, 3 and 4 roads required would bet 

Road Class 	 [s of road per km 2 of 
Gross Plantation Area 

2 branch 0.35
 
3 spur 0.71
 
4 planting track 1.44
 

Total 2.50 
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ain road. may be inoluded in the above overall distances when Mny seotion. oan be
used for plantation work. 

At thio density, average spacing between roads would be 400 a. L king accurateinformation on the capabilities of planting term, this if a reasonable estimate of theplantin- track spaoing on which initial planning oan be forwalated. Later spaoing ofplanting tracks should be based upon the distanoe at whioh a planting team can reach theiptimum daily average number of trees planted. As experience is gained cnd effioiencyimproves, therefore, the spacing and overall length of planting track required may ohapg.The spacing will also vary to some extent due to terrain.
 

The location of branch 
and spur road. will also often be dictated by topographtoconstraints but will, in general, adhere to the above quoted density. 

ROAD AMMARD6
 

Standri-s should be 
 applied in the light of topographic, soil and wather conditionsas they exist, or as they affect road oonstruotion costs and rate of oonstruotion. in otherwords, although standards will be laid down to which the looation engineer will try toadhere, he should alter these to suit conditions as ..e finds them, bearing in mind that theraised or lowered standards musnt not have a major effeot on the usability of the road. Inother words, he shold bear in mind that the roads are being built to achieve the lowst

possible overall plantation ost at maturity.
 

Road standard., for two terrain classes and the four road classes are detailed intable Al. The following notes refer to the standards in the table and their application. 

Rikht of Way Width
 

This represents the piece of land set 
aside for the road. It is the overall widthwhich is to be cleared end in which trees are not to be planted. This extra distance,
and above the actual road works, facilitates more rapid drying of the road after a 
over
 

rain,makes allowance for future widening and improves visibility.
 

Subgrad Porat ion 

Ample allowance should be ade for the traffic density contemplated and to allowdrainage awey from the running area. In mountainous terrain where slopes are extreme, the
road bed must be full bench (not on fill). All fills must be 
 oompacted. 

SideCuts
 
Side outs will vary with the topograph, but as a general rule should be at 
a slope


of 12 or less. 

Tu~rnottts need not alwaso be evenly spaoed, but should be positioned so s to beused to maximum advantage to allow vehicles to pass and to avoid acoidents. Turnouts willalso be used as parking places for vehicles which carry orew* and materials. 



R£A Jl 1 	 Table A1 
Tabl- lRIAD STANDARS 

Flat, Rolling, Unclting Terrain Mountanolu Terrain 

Planting Plantin 
Main Branch Spur Track Main Branch Spar 1rack 

ht of Vnwidth 	 20 15 12 5 20 15 12 5 

bgrade width 5 4 3.5 3.5 5 3.5 3.5 3.5 
t h width 	 1 0.o .6 M inimal 1 0.6 0. Minimal. 

avemnt (a) Width 3.5 3.0 2.5 - 3.5 2.5 2.5 
b) Thickness (om) 10(Min) 10(Kin) 10 - 10(in) 10(Min) 10 

radients( ( xim. Adverse 6 8 10 15 6 8 10 15 
(b) Maximu. Pavourable) 8 10 10 15 8 10 10 15 

rvatUre, Lnima. radius 	 120 60 30 - 85 60 30 -
Mrn oute9 & 	 Per kilometre (no) 6 5 3 3 6 5 3 3 

Width x Lngth 4x15 4x12 4x12 4x12 4x15 4x12 4x12 4x12 
lvert type Concrete Wood Wood Wood 4/ Concrete Wood dood Wood 

ridge type (Wood) 	 Crib and Crib and An Crib and Crib and A 
or sill, or sill, Branch or sill, or sill, Branch 
log str- log rt- As if log str- log st- Ae if 
ingers, ringers, Branch neoeme- ingers, ringers Branch neceso 
timber earth W7 timber earth ary 
deok covered deck covered 

1/ Originally devised for a planting schedule of from 1 500 to 2 000 ha per year. 

All figures in metres unlea otherwise stated. 

Adverse and ?avourile grades not applicable during establishment phase,
 
however due attention mat be paid to these to avoid reconwtruct'on in the
 
harvesting phase.
 

4/ Hollow log permissible. 
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In flat country spacing can be equidistant, however, in mountainous terrain turnouts should be placed 
at mither end of the sharpest curves or, in the oase of a roadcurving around a sharp ridge, the turnout can be placed on the outside of the ourve, at
the nose of the ridge, to take advantage 
 of the fill area and also to ensure good visibility.
Borrow pits should be used as turnouts wherever possible. 

For those roads whioh are to be surfaced the turnouts should be surfaced to the
 
same standards.
 

Pavement 

Surfaoing material should be of either hard, orushed rook or of best quality

laterite with ample ferrous oooretions or other suitable materials approved by the
 
construction supervisor.
 

The pavement thicknesses as laid down in the table of standards, are compacted
thicknesses and are those considered to be suitable for the traffic in the entablishmentphase. These are not, however, to be oonstrued as rigid standards, but might be varied in

the light of what the supervising engineer finds, as construction experience is gained in
 
the area.
 

On both the main and branch roads the running surface widths should be ample forthe type of vehicles expected to use the road such as trucks carrying planting stock,fertilizer and work orew@, not normally heavily laden nor of extraordinary large size.Much traffic will be of the type provided by four-wheel-drive vehicl.. i. The surface width
of the road will however gradually widen through the shifting of material 
 from the centreto the shoulder; this will be caused by the passing of vehioles which throw material andby the maintenance road grader which will spill small amounts as it makes itu passes.
Eventually, for roads with wide formations, passing will be possible without the use of

the turnouts. Similarly, superelevation will 
be built up at the curves by fast moving
vehicles. Adequate camber (crown) should be provided to ensure proper drainage. 

Spur roads need not be surfaced along their entire length. It is normallysffioient to surface only some stretches with the criterion that the end of any spur
road is no further than 1. 5 km away from 
 a surfaced road, as measured along the spur.
Etimates often indicate that only some 20 peroent of the total length of spur road
 
requirements will be surfaced.
 

It should be noted that in some regions which are lacking in surfacing materials,
the cost Gf surfacing is often the 
major portion of total road construction costs. 

Curvature andTravel Speeds 

The minimam radii of curvatures have been set at a level at whioh ainimam travelspeeds, on class 1, 2 and 3 roads, oan be m.intained. By setting these standards as thewinium, it can be expected that most radii will be greater, thus allowing for greater
speeds and thereby mainta.ning minirum average speed. over 
the longer distances. 

Average travel speeds of 65, 50 and 35 km per hour, for main branch and spur roads,respectively, have been used as the criteria which will provide for reasonable travel forwork crews and good travel speeds for fire suppression crews, bearing in mind the addedroad costs which would acorue by putting in curves with much longer radii. These speedsmight be slightly lower in mountainous terrain, for whioh theminimun radii as shown in 
table of standards have been shortened. 
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Oradients 

Road grads standards have been set to counter the effect of erosion and to keep 
maintenance ocosts to a minium as well as to ensure effeotive travel time. Long sustained 
grades should be avoided by the allowance of grade breaks in the profile. 

Drainage 

Since it is impossible to disouss the amount of rainfall which my one plantation 
area might rece4 .ve, it will suffice to point out a few factors which should be considered 
by plantation managers, in providing adequate road drainage. 

Areas with a heavy annual rainfall will need a better drainage system than those 
in dry areas; however, it must be remembered that in some regions, though the annual 
rainfall can be considered as moderate (say to ? 000 m per year), a large portion of this 
might arrive in a short period of time, and thus the drainage system must be geared to 
handle the large periodic volume. 

The forces exerted by large volumes of water, colleoted and dinerted by a road 
system can cause severe damae to roads and extensive erosion. These effects can be 
overcome through proper ditching and channelling of the water to points where it can do 
less damage. 

In flat terrain, ditches should be constructed on both sides of the road with 
adequate cross drainage and lead-off, whereas in mountainous terrain the upper side should 
be ditched. In rolling terrain, culverts should be placed at the bottoms of &ills. 

In all types of terrain, roads must be constructed to cross watercourses in suoh 
a manner aa not to impede the natural flow of water. This can be effected through the use 
of the proper size of culvert or bridge. Culverts should be laid so as to prevent pondiftg. 
Water should not be allowed to run (and gather more water) for long distances in ditches 
on long, continuous sloping roads; its flow should be broken by barriers and led off by 
adequate cross drains at appropriate places. Culverts should not be situated so as to 
drain onto fill unless special structures (e.g. rip-rap) are built to preserve the fill. 

On roads with long oontinuous grades, where surfaoe water is liable to collect 
and run down the running track of the road, removing surface and subgrade material in its 
course, open surface-drains should be constructed to remove this concentration and 
prevent the deterioration of the road. 

in general, bridges can be of simple construotion and if built of the most durable 
woods should last at least the life of one short rotation. Two types of bridges are 
commons one having timber running planks and one covered with soil and surfaced. Both 
types make use of log stringse whioh rest on either cribbing %r on a mud sill. 

Cross-Seotions 

Typical cros-sotions for main and branch roads are shown in Pigure DI. 

Maintenance
 

aintenanoe must be a continuous procedure once the road system is started. This 
can be effected thro:h the use of maintenance machinery (e.g. road grers, tractor, 
front-end loaders, tipper trucks) whioh may (preferably) be owned by the project and 
operated by a maintenance crew. Maintenance orew labourers should also clean culverts and 
ditches and clear brush from around ditches and tight corners on a regular basis. 
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Picurs ii 

CROSS-,ECTIONS OP MTPICAL PLANTA'ION BIDA 

MIN ROAD 

(Sidehill Cut) 

-Sbrtoda (5)a 
*-IP&Yement vidth (3.5m)-- 4. 2 

.sq--- aghof wifth (2) 

(Sidshill Cut) 

4 i---tSfadt 
( 5. 
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Aamndiz C 

AN OUTLIVE OF giWIPtMM AND lATDIALS FOR AN AF1OINAhO PMJCT 

OPIATIOm ii IPKMD KAIIIAL 

Land olearing Survey squipment Herbioides 
Crawler tractors Fuel and oil 
Anchor chains Hand tools
 
Dozer blade Aerial photographs 
Stinger 
Front-.nd rake
 
Root plough 

Ground ?raotors 50-100 hp Herbicides
 
preparation 
 Dino ploughs Fuel and oil 

Angledozer blade 
 Hand tools
 

Nursery Wheel tractor 
 Fertilizers 
Trailer 
 Pots 
Loader attachment Potting media 
Loader attachment Insotioides 
Sprinkler equipment Fungicides 
Soil mixer Herbicides
 
Hand tools: spades, Fuel and oil
 

forks, hoes 
 Hand tools
 
Spraying equipment 

Planting Tractors, 50-100 hp 
 Fertilisers
 
Trailer Fencing stakes 

Fencing wire 
Hand tools spades, 

mattooke 
Fuel and oil 
Tree carrying 
oontainers
 

Maintenano and 
 Tractort 50-100 hp Fertilizers
 
proteotion 
 Soil cultivators 
 Herbicides 

Pruning saws 
 Fuel and oil 
Fire towrs Insecticides 
Fire engines Hand tools 
Water pumps and 
hoses 

Road 
 Bulldosers 
 Culverts

oconstruotion Tipping trucks Fel and oil 

Oradere 
 Road ballast and 
Exoavators 
 gravel
 
Rollere rubber 
 Bridge materials
 
tyred 
 Cement, Gelignite 

http:Front-.nd


Amend D 

PLANINQ OF =D 22~L1ECTIM AND HANDLING 2(ft--plo) 

I. Baokxround ata 

A. SD UMND 

1. 	 Speoies OSSAad2ihhaOlYtAg 	 nlA 

2. 	 Plants per ha 

a 	 Number planted 1 110 (3x 3-) 
b 	 Ad field replaooeents at 20% 222
 

Tota requirement - plantable
 
plants 1 322
 

(d) 	 Add losses ad ou ls in 
nursery at 15%2_/ 	 2 

(a) 	 Total requirement - germinated
 
seeds 1 567
 

Ditto rounded upwards 	 1 600 

3. 	 Ertimated number of germinated
 
seeds per kg of unoleaned need 400 000
 

4. 	 rg UwoleanOd seed needed per ha 
of plantation 0.004 kg (o. 250 ha per hg) 

5. 	 Annual planting area 250 ha 

6. 	 Annual requirement of seed 1.0 kg 

1/ 	 from OReport on the FAO/DAXIDA Training Course on Forest Seed Colleotion and Headline, 
Vol. II. Rome, FAD. POR'? - RAS 11 (M),453 p., 1975. 

2/ 	 Losses mid oulls represent 15% of the germinated seeds. This is equivalent to 
approximately 18% of the surviving plantable plants. 
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7. Sources for mod pro"urMat Local mod stead. 
8. Seed harvest, expected yield/h. 5 kg per ha 

9. 	 Minima area of seed stand required 0.2 ha 

10. 	 Area of seed stand available 1.5 ha 

11. 	 Seed harvest, periodicity nnual, reliable from stands over 
10 ym 

12. 	 Season of collection Early 	dry season, Jun* - July 
13. 	 Special problems of oollootion None 

14. 	 Rate of seed colleotion Equivalent to 100  200 C unolomed 
seed per ma-day 

15. 	 Length of period for "edextraction 10 - 15 daye (smn.-ryAg) 

16. 	 Special problems of exraction and It is not possible to separate thecleaning chaff 	from the seed Both ohaff 
and seed are therefor* mom 
together. 

0. SM MRA 

17. 	 Normal season of moving Late dry seson, September - October 

18. Length of period betwen oollection 
and moving 

in *am 	 3If iow year 	 - 4 months 
if stored for more than one 
year Net applicable 

1,. 	 Storage capacity needed 

(a) Not seed space at 8.0. 0.5 .002 U3 (we jar of two-litre 
-500kg per a3 

otpacty) 
20. 	 Special problems of storage Name 

D. PRWRtIMI. rtEiNO.SaOWING 

21. 	 Special problems of pretreatamnt lone 

22. 	 Special problems of testing It In difficult to separate the chaff 
from seed. Identificatien of the
species from sed Is not possible. 

23. 	 Speial problems of sowing and The seed beinggr rmall hs to beseedbed handling mom with sand. 



-163-

XI. gtinate of NediA 

A, 0OLLM~IOU 

1. 	 Methods roommende Climbing 

2. 	 Nquipment/transport Safety belts and lineaq boots and spars. 
roooendd Temporary use of land rover. 

3-	 Staff/labour recommended 5 - 10 man-days and one supervisor 

4. 	 Remarks Climbers should be insured. Seed stand 
protection and management mst be ensured, 
since normal stands, out on 6 year ooppioe 
rotation, bear very little viable seed. 

B. UYACION AND ClIaNu O 

1. 	 Methods recommended After sun drying, capsules are to be 
vigorously shaken and sieved manually. 

2. 	 Squipment recommnded (1 Tarpalin 

(2) Sieves 

3. 	 Staff/labour reomended A forest guard and two laboure 

4. 	 Remarks No cleaning need be done as the seed is 

sown along with the chaff. 

C. STORVZ 

1. 	 Methods recomended Storing in & cool wall-ventilated room in 
time, jars or cotton beas. 

2. quipmnt reoomnded 	 Tins, jars, cotton begs 

3. 	 Staff/labour recommded No special staff required. The staff 
recom ended under "wrtraotion& Cleanint m 

will do this work also. 

4. earks 	 Storing of seed is no problem, because the 
storage period is only two or three months 
in the dry season, when atmospheric humi4ity 
is low. Room temperature in a well
ventilated room averages 25 - 30 0 C during 
the storage period. Regular annual seed 
crops and the fact that the seed stand area 
is capable of producing, in a normal year, 
at leart seven times the annual require
ment of seed precludes the need to carry 
stocks from one year to the next. 

C. MP N= 

None required 



-164-


NZWORK ANALYST M 

ALI. 1RA 
Forest Solenoe Oonsultant 

Peniouik, Iidlothiang U.K. 

An afforeetation project is omposed of &great number of aotivitiec ihioh arepad over an extensive treot of land and involve a large number of people. Beomcse ofthe influence of seasonal factors, many of the activities whioh mst be carried out toomuplete the projeot are highly dependent on correct timing. 

Given unlimited tim and money, there would be no problem as work not done in onesaseon could be postponed until the next, and aotivities dependent on the completion ofother tasks oould be dalayed until the first tasks wore finished. In practice, there arestriot time and monetary limits, and the projeot manager is faced with a .omplex problemof soheduling and nontrolling all the activities so that the whole pregram of workneeded to ocmplete the project is carried out within the time and money limits that havebeen set. 

This problem in oommon to managers of all business enterprises, so that in recentyears a number of teohniques have been developed and their use expanded for dealing withsuch sohednling problems. One of the bet techniques for oontrollineg and sohedulingoomplex operations is network analysis, which
of a ocmplete s wten euch as an 

is concerned with optimising the performanoeannual planting progra or all the operations involvedin the afforestation of a particular tract of land. It is not conoerned with the task ofoptimizing the physioal effort involved in oarrying out each of the activities wbioh so tomake up the complete system. The latter is the concern of work study, Which looks at theindividual routines, e.g. the beat tools or methods of planting a tree. 

3/ from 'A manual on the planning of man-made forests PA0, Rme. Working Paper

POIIaO/73/229 
 129 P., 1973 
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The opportunity for saving time and money on large-scale projects by optimising 
the logical sequenoe of events is frequently very great. When operations become more or 
less rostine, there is a tendemoy to think that few opportunities exist for urther 
improvement, but it is surprising how often it In possible to ake up time after an 
unexpected delay. This indLeates that many operations could be speeded up, or by oham"in 
the sequence in which they are performed, that it is possible to improve on the overall 
performance of the system. 

With complex teaks suoh as & large afforestation project it is too much to expect 
that they oan be completed on time without a constant watoh on the progress of each of the 
component activities. Thie watohing of progress is virtually impossible without some 
teohnique which enables the naneger to condense the whole project to some simple form, aind 
represent the component parts graphioally, so that all the interrelationships san be seen 
at a glnoe. 

Network analysis (sometime referred to as programm evaluation and review 
teohnique# PIU!) is & graphical form of representing all the component parts and the 
interrelationships of a oomplex operation - something like the orohestra oocduotor's 
scOre.
 

The basis of network snalysin is the representation of the component activities 
and important events such as the start and finish of each activity in a graphio form in 
the logioal sequence in whioh they mast take place. The oonvention used in most networks 
Is to represent the events as circles, oonneoted by arrows representing the activity thust 

The logical representation of a whole operation oalls for the time to flow in one 
direction, so that the earliest activities are represented n the left, and later activities 
are put to their right. As each of the activities are inoorporated, a network is built up
which show from left to right the sequence in which they need to be performed. To fix the 
position of any activity within the network it is only necessary to determine which 
activities mst preoede it and which can run oonourrently. Some operations can run 
oacurrently with others but oannot finish before them, so that it is particularly 
important to detersine which activities control the start and finish. 

An a simple example of the construction and use of a network, consider the aotivities 

involved in planting an area of cleared land. The main activities involved are: 

Activity Relative Tim 

A Mark oat planting spots 8 

3 Dig planting holes 16 

0 Lift plants in nursery 4 

D Transport plants to site 

3 Carry batch of plants from 
transport to holes 
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Aqtiv-it Relative io 

F Plaoe plants in hole 
 I 

Pill holes 
 4 

H Apply fortilluere 4 

Ativities A, B and C om all oomnoe together, but A mut finish before B.
D cannot start until C in complete, 
 and I cannot start until D is complete. P cannot
start until D and are oonlete, while 0 and H cannot start until P is complete. 0and H must start together, but H oc-not finish before 0. ?he relationship between theseaotivities therefore ora be represented as followis 

A 
) 

Sabh & line graph of the aotivitie.- enables checks of the logical sequenoc of the
activities to be mado, and errors iuah as situations where the sequeno. in a olosed loopis reversed, or where activities are left dangling, in an open loop, can be eliminated. 
Two beaiO rules which mst be followed are:
 

1) All events except the first and last must have at least 
on- activity 
entering and one activity leaving it. 

2) All activities mt start and finish with an event. 

Having worked out the logical sequence a above, the next stage is to insert atins seale in order to &soo@ the overall perforuanoe of the network and the operation.

Asesing the tim required for each activity is 
 not always easy. The most reliableestimates ar derived either from past records or from work studies, but in the absnceof these it in necessary to estimate the time. If possibleg estimates should be made
 
ofc
 

o - the most optialstio time, 
1 - the most likely tim, 
p - the most pessimistic time 

and thes should be weighted so that the average time is calculated bys 

o + 4(1) +
 

As far a possible, these sstimates should be based on calculations of the time required,taking into account the mount of physioal work involved and the probability of outside
factor* influencing the work, e.g. weather, sickness and eoonomio factors. When the
probability of an outside factor is not known, it is only neoeseary to estimate the most 
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likely tins. Ith network am thus be reravm with a time oale and the dnratim of seah 
activity rocordod an in the following disams 

B P a 

16 4 

5 15 225 
Time 

It is then possible to analyse the network in order to deteraines 

1) 	 The earliest tim that an activity can start (TS) without 
delaying the end of the projootl 

2) 	 The latest tie that an activity oan start (TL) without 
delaying the end of the projeot; 

3) 	 The critical path, whioh In the sequenoe of activities 
which determine the mnim. tine in whioh the %bole operation 
can be oempleted and is the longest path through the network; 

4) 	 The mount of float in esah opertian, whioh is the macmat of 
tins in the parts of the network whioh do not lie on the 
oritioal path by whioh the start and finish of the activities 
an vary without affeoting the overall tim of the operation. 

Ativity TZ TL Ila 

A 0 8 8 
B 0 0 0 
C 0 10 10 
D 4 14 10 
3 5 15 10 
F 16 16 0 

117 17 0 
H 17 17 0 
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te table shows that in thu s8plo eOamlo the critical path lies along aotivitiesBtF,0 an d om Aoy hasem ro flot. t 1 two tAk 4 da and on daY 17 sothat the minimm tim for omploting the whole operation in 21 days. There is omsiderablefloat available i. the liftiag of plants (o) and tranporting (D and 3) them. If it indesirable to minimise the time between lifting and planting, then the lifting need not be
started until the latest tim TL. 

The lese float an activity has the more critical it beoomes. Following any paththrough the network the critioality of the path in invervely related to the mount of float,
and the critical path is the one whioh needs the most attention by the manager in order to 
onware that the whole operation is not delayed. 

One other important use of a network is for setting target dates. Supposing the
planting iont be started or omapleted by a certain date, 
 in order to avoid seasonalinfluenooe, then all the activities before the oritioal activity can be located in time.Thus if in the example, planting, activity F, must not start before, say, 1st April and befinished by 16th May, with the relative times given in day,, then: sinoe event 5represents the start of planting and event 6 represents the end of planting, these dates
 can be snbstituted for the earliest time TZ and 
the latest time TL, respootively, of the 
events in Figure 3, mad the othere calculated accordingly. 

9*ent No. Zarliest te Latest Data 

I 16th March 29th April
2 24th arah 15th Nay
3 20th March 13th Kay4 21st Marrh 14th MAY 
5 ltArl15th May6 2nd April 16th May
7 6th April 20th May
8 6th April 20th Xay 

thust the earliest date an which operatians can start in order to be Just readyplant an 1st April is 16th toMareh, and the latest day for oomenoing operations in order to
have planting completed by 16th May is 29th April. 

A final us of network analysis is in identifying those activities which canprevent the whole operation from being completed within a target period. If the wholeoperation used in the example above had to be completed within 18 days, then smactivitioe would finish up with negative float and the target would be impossible toachieve. Under these oircumstanoes it would be neoessary to transfer resources (men) fromthose operations with float to those with negative float. It is easy to see from thesimple example that the digging of planting holes has three days of negative slack whenthe total operation time must be only 18 days. The float an the lifting of plants is"
redood from 10 days to 7 days, but there is still sufficient float there to suggst thatthe lifting could take twioo s long with half the number of men, thus releasing some fordigging holes. It is not always as straightforward as this beomase it could be that onlyoe man would be employed on lifting plants, but the general principle of searching the
activities with float for surplus resources can make a useful contribution towards theoptimisation of the whole operation. If resources are reallocated in this way it isnecessary to rework the network in order to enmure that the logicality is meintained, and 
to check for changes in the critical path. 

Ono* a nutwork has been dram and operations comenoo it should not be put away ina cupboard and forgotten; by oantinually updating it and referring to it as the work
proeods, it is possible to identify in advance where now critical paths are emerging, andtherefore take steps in good time to reallocate resources in order to keep an target. 
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Appendiz P 

Nnflh- FOUCAM 0? WOW 2 

Operation Unit of 
Mea urement 

Year 
1 

Year 
2 

Year 
3 

Year 
4. 

Year 
5 

Land survey ha 

Nursery ha 

Plants (1000) 

Veg. clearance ha 

Ploughing ha 

Plantiug ha 

Penoing km 

Weeding ha 

hrtilising ha 

Brashing/prunins (0000) 

Thinning ha 

Felling ha 

Road oonstr. km 

Road maint. ka 

Niftilaneous 

j/ 	 adapted from Fraer, A.I., "A manual on the plan~ni of ,m-ad 
forsts", Roe, PAO. Working Paper PO:IS/73/22, 129 p., 1973. 



SAXPLX DISBRM ION OP im.y LA3U U mS .. / 

Total AdJuatod time ohart for operations and distribution of labourOutut Areha mm-la~jOperation "a-s/ ha rtqmird by man-day.
 
haper annum 
 J P A X J T A 3 O I D 

Plastize 6.4 350 2 240 560 560 560 560 

Bating up 2.0 350 700 175 175 175 175 

Lino cultivation
 

first year 10.00 350 
 3 50 613 612 613 612 613 612 

ecod year 10.0 350 7 000 875 875 875 875 875 875 875 875 

First pruning 4.5 350 1 400 700 700 

Total m-da" 14 840 1 48 8735 735 1 48 7 1 488 1 575 1 575 1 487 1 488 1 487 735 735
Distribution of total labour force 52 31 31 62 62 62 66 66 62 62 62 31 31 

.3 from Kinsgton, B., 'final report i plantation mana4gment 0 Inmdstrial Forestry Plantations, ?ui.-y. Rose, ?AD.Wozkinc Document lo.29, F0:sX/?Ut/71/521, 127 p., 1977. 



Day to y 

Laou an dane 
an=d work cor 

onthlj 

Nonthly labour 
awmary of cost 

Annu ally 

Bugear
cntolAn
analysis 

Future estimates 
or budgets 

A&Modiz R 

PLOW O 0?FL00N RDORDS 

Plntvho* Cost of matrial. muad Payment to 
a hine J mnor equipment issued] ootraotors 

ointhly machine 
swuary of cost 

Monthly progress 

report 

usummary of Reconciliation withoperational cooprL expnditttr. 

,
 
Allocation of
 

Cost studies or
 
cost analysis
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Acid pre-treatment of seed, 45-47 Burning, 
Acidity of soil, 111, 113 for pasture maagment, 80 
Acrosyrmex, 123 .of synthetic industrial wastes, 113 
Actual evapotranspiration, 94-95 of windrows and felled debris, 8, 22, 47 
Aerial application pro-planting, 3-4, 33, 47 

of fertilizero, 67 post-planting, 129-130 
of fungicides, 123 Burning off, 1-4, 33, 47
 
of herbicides, 37, 71
 
of insecticides, 123 Capillary fringe, 105
 

Aerial sowing, 44, 49, 103 Captan (fungicide), 46
 
Agriculture Care in planting, 53, 62-63 

competition for irrigation water, 90, 96 Care of plantations, 67-74 
improved by afforestation, 100 Care of planting stock, 54, 60 
pressure on land for, 8, 10 Catastrip (mite preparation technique), 84 

Agrisilviculture, 8 Ceratocyetie ul-i, 122 
Agrosan, for treatment of tree wounds, 74 Cercoseora pini-donsiflas, 123 
Aircraft Chainii d clearing tehnique), 18-20 

application of fertilizers from, 67 Chain saws for land clearing, 15 
direct oowing from 44, 49, 103 Charcoal, utilization of debris for, 8-9 
spraying of fungicides from, 123 Check dams, 86-87 
spraying of herbicides from, 37, 71 Chemicals, 
spraying of insecticides from, 123 for disease and insect control, 123-125 

Air-pruning, 55 for site preparation, 33-38 
Aldrin (insecticide), 123-124 for weeding, 71 
Aluminum powder (lubricant for seed pellets),47 types, 
At-ate (herbicide), 35 fertilizers, 66-8, 151 
Affmoniu sulpha.nate (herbicide), 35 fungioldoes, 33, 123, 125 

ANS (herbicide), 35 herbicides, 33-3., 71 
Angled blade, for -echani:ed cloarxng,14, 17, 89 insecticides, "23-12A 
Anir-.als, protection of plantations against, 80-82, repellents and seed treatments, 45-47 

175-127 Chloropicrin (use with nethyl-bromide), 123 

Annual progra- e of work 136, 146 Choice of machinery, 
Anthroquinone (repellent), 4"1 for drainage, 109 
Ants, control of, 123-124 for plantation establishment, 11, 23-24, 31 
Arasan (repellent), 47 Choice of site, vii 
Arboricides, 33 (see also Herbicides) Choice of species 
Arid sites (see also Irrigation of plantations), for disease and insect resistance, 122 

afforeotation techniques for, 88-89 for mine spoils, 112, 114 
general, 79-81 general, vii, 137 

Arsenate (repellent), 47 Chopper. (rolling dru.es), for land clearing, 15 

Atrazine (herbicide), 36 Citerene (site preparation technique), 47 
Atta, 123 Citric acid, for breaking seed donrancy, 46 
Augers, use in planting, 63 Clean cultivation, 27-29, 71, 80, 89 

Clean weeding, 14, 27, 69-71, 89 
Balled plants, 54 Cleaning up of planting sites, 22 
Banquettes, 3,83 Clear felling, 4-5, 14-10, 89 

coot of construction in Tunisia, 84 Clearing land for planting, 
Bare root plants, 14 chemical methods , 33-38 

Basin-listing site preparation method, 86 choice of method and equipment, 2-3, 12-13, 
Beating up, 65-66 23-24 
Bedding, 29-30, 110 (see also Hounding) manual methods, 2-10 
Biological control of poests and diseases, 123 burning off, 3-4, 33, 47 

Bird repellente, 47 clear felling, 4-5 
Bituren application to drifting sand, 101-103 debris disposal, 8 

Boiling water pretreatmont of seed, 45 patch clearing, 3 
Border irrigation, 92 release clearing, 5-7 
Boron deficiency, 67 strip clearing, 3, 5-6, 47-48 

Broadcast sot ng, 49 stumping, 7, '3 
Broken contour line site preparation technique,85 tan.ya, 8, 10 
Browsing control, 125-127 mechanized methodo, 11-24 
Brush disposal, 8, 21-22 chaining, 1-20 
Bulldozers, use for lend clearint;, 17, 97 chain saws, 15 

Previous Page Elcml
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so~ippers, 15 
dbri disposal, 21-22 Dalapon (herbicide), 36
ricips, 21-2principles, 11-14 Data collection for planning, 136.39Debris disposal, 8, 21-22root plougting, 20, 8- Deep planting, 63scrub cutters, 15 Deformation of roots in containers,stareoal, 16 0 53, 55 

Denoitj of roads Instump remval, 16, 20, 22 
plantations, 142, 153-154 

Density of stocking (see spacing)tractor techniques, multiple, 18.20 Departmental taungya, 10tractor techniques, single, 16-18 Desalination, 105tritters, 15-16 
 Development planning, 135productivity, 23-24 Dibbling,
Climber cutting, 150 Dibb l ,ant

Coiling of roots in containers, 5, 55 for direct *oing , 4 50
Collection of data for planning, 136-139 Dieldrin (insecticide),Collector drains, 106-107 123-124 

Diploda *.a,122Copartment register, 145 Direct planting, 3Compartment size, in plantations, 142Cometition for soil moisture, 1, 25, 80, 88 
Direct seeding,

advantages and disadvantages, 43-44, 53Consuptive use of water, 90 methods, 49-51Contact herbicides, 33 of sand dunes, 103Container planting stock, 54.55, 58 tim ing of, 48deformation of roots, 53, 55 Direct taungya, 10Contour banks, 88-89 Disc harrowing, 28-30, 71-72,Contour ditches, 3, 83-86 Disc 
89 

plougting, 25-28, 89Contour steps, 3-86 
 Diseases protection against, 122-125
cost of construction in Tunisia, 84 
Contour strips, 3 

(see also naes of diseases)
 
Contour trencheo, sowing in, 49 

Distortion of rooto in containers, 53, 55

Distribution of planting stock, 60-61
Contract labour, 4, 7 Ditching, for control of wild animals, 125-126Controlled burning (see also Burning), Dorwancy, seed,pro-planting, 3-4, 33, 47 breakin of, 45-47post-planting, 129130 types of, 44-45
Conversion planting, 5 Dthistroea p'n', 123,Copper oxide, 125for breaking seed dormancy, 46 Dwpon (herbicide), 36Costs, 
Dragline excavators, 109clearing and site preparation, 10, 12, 84 
 Drainage,
erosion control, 84 effect on spacing, 58
irrigated plantations, 98 
 eachinery, 108-110
of direct seeding, 43 
 of planation sites, 25-26, 29-30, 103-111
plantation, 84 
 of roads,
recording of, 144-145, 171 157 

techniques, 105-108
Crescent site preparation method, 86 Drains, type of, 106-107Cronartiu.- ribicola, 123 Drought animalo, 32, 71
Crop coefficient, 94-95 Drill sowing, 49
Cultivation, 

Drip irrigation, 93choice of method and equipment, 31 Dues, 99-103draught an.Ials, 32, 71 occurrence, 99-100 

m a n u a l , 25, 70- 7 1 o c c u r r e n e t0 1 0 0 -10mechanized, 25-31, 70-71 stabilization methods, 100-103bedding, 29-30, 110 (see also Mounding) 
 &ffective rainfall, 94-95
clean cultivation, 27-29, 71, 80, 89 
 Eldments de banquettes, 85
pioneer ploughing, 27-28, 32 
 Eployment opportunities, 11, 138
post-planting harrowing, 71-73 
 Endogenous dormancy, 44pre-plan-ing harrowing, 25-31, 89 Endothia 2arastica, 122ridge ploughing, 25-27 Endrin (repellent , 47strip cultivation, 25-26, 70-71 hrichment planting, 5, 149-150subsoiling, 20, 25, 28-29, 84, 88-89, 108 Erodible sites, afforestation of, 79-87turf ploughing, 25-27, 108, 110 
 Erosion,
post-planting, 68-73 
 control, rechanical, 80-89pr-planting, 25-31 
 control, vegetative, 80-81productivity, 31-32 hazard, 1-4, 25, 28, 38, 47Cut-off drains, 106 wind, 99, 115Cutting*, 56 Espacement (see spacing) 
£stablishmnt phase, definition, vii 
Evacuator drains, 107
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Evaluation of mining sites for planting, 114 Herbicides 
Evapotranspiration, definition, 33 

actual, 94-95 for post-planting weed control, 71 
potential, 94-95 for pro-planting wood control, 33-38 

Excavators, for drainage, 109-110 types, 
Exogenous dorm.ancy, 44 amate, 35, 115 

amonium sulphate, 35 

Fallow, 8 AlS, 35 
Farming for pay, 10 atrazine, 36 

Felling (see Clearing land for planting) dalapon, 36 
dovpon, 36Fencing, 

for control of animals, 125-127 gramxone, 36-37 
on sand dunes, 102 paraquat, 36-37 

Fertilizers and fertilizing, 66-68, 111 pentachlorophenol, 35 
Financial resources for planning, 138, 143-145 picloram, 35 
Fire, (nee also Burning) silvex, 34 

hazard of, 38, 81, 127-128 simauine, 36
 
protection againat, 80-81, 127-131 sodium arsenite, 6,35
 

sodium chlorate, 33-36
 

Flrebreako, 24-25, 128-129 	 tordon, 35 
Firewood, 8 triazines, 36, 2, 4-D, 35 
Flood baein Irrigation, 92 2, 4, 5-T, 34 
Flow capacities of irrigation channels, 97 Hot water pretreatment of seeds, 45, 47 

Foreceting of work, 141-142, 169 Human resources, 138, 142-143 
Frill girdling, 6, 34-35, 38 (see also Girdling) Hydrogen peroxide, for breaking seed dormancy, 46 

Prst daage, 1?? 
Frost heaving, 44, 57 Incentives, 

for afforestation, 81-82Fungicides, 33, 123, 125 
Fungus dioeaaeo, 123-125 for taungya, 10 
Purrow irrigation, 92-93 Indolacetio acid, for treatment of tree wounds, 74 

Industrial waste lands
 

Gezira (Sudan) irrigation project, 91 preparation for afforestation, 114-115 
Giberellic acid, for breaking seed dor.ancy, 46 types, 111-113 
Girdling undesirable trees, 5-7 (see also In-filling, 65-66 

Inooulation with mycorrhizse, 68Frill girdling) 

Gonipterus ecutellatus, 123 Insect control, 122-124 

Graded ditches, 65 Insecticides, 123-124 

Grading of planting stock, 56-57 Institutional data for planning, 139 
Irrigation of plantations,
Gradoni. 3, 83 

economical aspects, 98sowing of, 49 
effect on tree spacing, 58
Grazone (herbicide), 36-37 
general considerations, 73, 90-92Grazing, control of 80 81, 127 

Ground preparation lsee site preparation) methods, 92-93 

Growth rates, 58 planning and "ayout of, 96-98 
water requirement of, 93-96Gully control worko, 86-87 

K.O. blade, 14, 17Hardening off, 57 

Hardpans and indurated layers, 25, 27, 29,
 

Labour,91, 108 
availability, 2, 12, 23
Harrow, bedding, 2)-30 

organization, 60
Harrow ploug, 27-28 

requirements, 170, 138, 142-143
pulverizing, 28 

vs mechanization, 2-3, 11-13, 23-24tine, 32 

Land,Harrowing, 
clearing (see Clearing of land for planting)post-planting, 71-73 

89 	 hunger, as affecting taingya, 8, 10pro-planting, 25-31, 
levelling, 97, 112Heath lands, ploughing of, 27 
resources for planning afforeetation, 137
Hedge, 

for control of animals, 125-127 	 Land conditioner, for mechanized clearing, 15-16
 
Lanoline, for treatment of tree wounds, 74
for dune stabilization, 102 

LayOut,Heeling-in, 54, 60 


of drains, 105-107 
of irrigated plantations, 96-98 
of plantations, 11, 24-25, 59, 142 
of roads, 11, 98 



-18s-

Leach ing, 
Naked rooted *took,Of mine spoils, 113 54 
Xet irrigation water requirement, 93-96of saline 50i1@, 91,


Lea 
105 	 Network analysis, 164-168
cutting onto, 123N124 Rile Waters Agreement, 91velingNtroen,


of land for irrigated plantations, 97 
 fertilizer, 66-68
of strip mined ares, 112
Limng, 111 fxaton, 68
 
L'.ne clearing, 5, 6, 9, 150 

soil nutrient status, 6.6, Ill

Notching technique for planting, 62Line planting and line plantations, 5-6, Nurse crops, 68149ne150 
Nutrients,
Line sowing, 49 

deficiencies, 66, 111Line weeding, 70-71 

Livestock, protection against, effect on spacing, 58
80-81, 127 
 individual chemical,
 
Macro-nutrients, 66 
 boron, 67Management, effect on epaoing, 59 nitrogen, 66-68, 111
 
Management phosphorous, 66-68,
plans, 136-146 	 Ill 

potassium, 66, 111Manual methods of afforestation, 
use by taungya crops. 10land clearing and site preparation, 2-12,27, 70-71 

Operationalplanting, 84 	 data for planning, 139 (see alsoProductivity rates and 
work norms)
weeding, 70-71 	 Operational planing, 15 146vs mechanical methods, 2-3, 11-13, 23-24
Maps for plantation planning and 
 implementation, Paraquat (herbicide), 36-37
137, 145, 152 Pat h 	cle rin ,
 
Marking of planting lines, 59-60
Marshes, drainage of, 103-105 Peat bogs, preparation for afforebtation,

Mechanical control, 25, 103-111
 

Pegging of planting lines, 59-60

of erosion, 80-89of pests and diseases, 123-124 	 altnofce,4Pelleting of seed,Mechanized methods of afforestation, 	 47
 

Percolation, 80-81
 
defined, 11
land clearing and site preparation, 11-32 Phoracantha semipunctata, 124
Phosphorous,
planting, 64-65, 84 
weeding, 70-72 	 fertilizer, 66-68
 

soil nutrient status, 66, 111
effect on ep'ncingo 58 Physiological condition of planting stock, 56vs. manual methods, 2-3, 11-13, 23-24 
 Phytocides, 32 (see also Herbicides)
Nothbde atoppique 88-89 

Nethyl -	 Picloram (herbicide), 35
bromide (fumigant), 123 

Mioro-nutrients, 56 

Pioneer ploughing, 27-28, 32
 
Pit planting, I, 25, 62-63Nine spoils 

Planning,choice of species, 114 
 developent, 135
economic considerations, 114-115


evaluation of the site, 114 national, 135
 
preparation for planting, 111-112, 114-115 

netwrk analysis, 139, 164-168
 
of plantations,
Minipots, 55 135-146
 

irrigated, 96
Mixed plantations, 122-123Monochajtiq .JjUg" 122 of roads, 151-152 
of seed collection and handling, 161-163
ole plough and ploughing, 108-109 
 operational, 135-146

Mould-board plough, 28 	 perioic, 13for oontouw ploiaghing, 
periodic, 139 

28plantationfor ontur louging
for dreaage, 25-27, 108-109 	 managesent, 135-146sectorial, 135for deep furrows, 89 	 P 
 et
MoundLng, 29 (see also Bedding)
trhnees,l1i05p m
n e e~ 
 Plans, lant a t io nn saline marshes, 105 	 m n age re nt , 139- 146 
skelet., 136
Mound sowing, 50 Plantations,

Mulching, 
of a nd lands, 88 	 clearing and preparation of site, 1-38coots, 84of sand dunes, 101103 

fertilization, 66-68, 111
of unstable slopes, 86 irrigation, 58, 73, 90-98
Myoorrhizas 68 lyout, 11, 24-25, 59, 142
 

planning, 135-146 



protection ag.inst, 
animals, 80-82, 125-127 

disesase, 122-125 

fire, 80-81, 127-131 

grazxng, 80-82, 127 

insects, 122-124 

.an, 80-82, 127 

weather, 121-122 


pruming, 58-59, 74 

spacing, 11, 58-59, 88, 149 

taungya, 8, 10, 51, 59, 71 

tending, 68-74 

weeding, 69-73 


Planting, 

advantages and disadvantages vs. direct 


sowing, 43-44, 53 

care, 53- 62-63 

costs, 84 

enrichment, 5, 149-150 

line, 5-6, 149-150 

machines, 64-65 

methods, 


manual, 62-63 

mechanized, 64-65 


principles, 53,-60 

organization of, 60 

replacement of ceaualities, 65-66 

season and timing of, 57-58, 60 

stock 


balled root, 54 

bare root, 54 

care of, 54,60 

cuttings, 56 

grading of, 56-.57 

physiological condition of, 56 

plugs, C5 

potted, 54-55 

resources, 137 

rooted cuttings, 56 

sets, 56 

size, 55-57 

str.plinge, 54 

stumps, 56, 102 

transport, 54, 61 

tubed, 55 

wildlings, 54 


Ploughing and disoing, 25-29, 89 

of firebreak.. 25, 128 

pioneer, 27-26, 32 

productivity, 31 

ridge, 25-27 

strip, 25-26 

with draught ,mnimals, 32 


Ploughs, 

diso, 2-)-27, 89 

harrow, 27-28 

mould-board 25-28, 89, 108-109 

root, 20, 889 

tins, 27-28 


Plugo (plsnting stock), 55 

Poison baits, 126 

Poisoning undesirable trees, 5.-, 34-35, 38,150 

Polythene containers for planting stock, 55 


Potassium, 
fertilizer, 66
 
soil nutrient status, 66, 111
 

Potassium nitrate, for breaking sed dormcany, 46
 
Potential evapotranspiration, 94-95
 
Potets, 3
 
Pots tsoe Pol3thene oontainers for planting stock)
 
Pre-ohilling, 46
 
Pro-planting harrowing, 25-31, 89
 

productivity, 31
 
Prescribed burning (see Controlled burning) 
Pressure on land for agriculture, 8, 10
 
Pretreatmet of seed, 44-47
 

aoid, 45-47
 
soarifio...:n, 45, 47
 
stratiftiation, 46-47
 
watsr, 45, 47
 

Productivity rates and work nores,
 
maUal, 

banqottes, 84
 
brux ing and felling, 4
 
olearing, 84
 
contour steps, 84
 
felling and burning, 4
 
line clearing, 6
 
line *owing, 49
 
piling debris, 23
 
planting, 84
 
production of planting stock 84
 
replacement of casualities, A4
 
roads, 84
 
stumping, 7, 23
 
tending, 84
 
weeding, 70
 

mechanical, 
banquettes, 84
 
chaining, 23
 
choppers, 15
 
clearing, 23, 84
 
line sowing, 49
 
ploughing, 31
 
pro-planting harrowing, 31
 
replacement of caultios, 84
 
roads, 84
 
.ubsoiling, 84
 
tending, 84
 
trittere, 15
 
windrowing, 23
 

Protection of plantations against
 
animals, 80-82, 125-127
 
diseasls, 122-125
 
fire, 80-81, 127-131
 
grazing, 80-82, 127
 
insects, 122-124
 
", 80-82, 127
 
weather, 121-122
 

Protection of planting stock against
 
termites, 63, 123-124
 
wind, 63, 89
 

Pruning, 58-599 74
 
Pulverizing harrows, 28
 
Pumps for irrigltion, 98
 
Pusher bar, use with crawler tractore, 16
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Rabbit control, 126 
Rab method, 47 dormany, 44-47
 
Rainfall, Pelleting of, 47
 

build-up pretreatasnt of,
'a soil before planting, 57 	 44-47soarification, 45, 47 
intensity, 79-81 	 sr aificaion, 46-4 
seasonal distribution,Rakes, traotor, for clearing 79-f0 	 Seedlings (see Planting stock)and windrowing, Selidosm suavis, 122
16-17, 21-22 


Rasetto, Sequnc 	of plAntation operations, 3289 (seo also Subsoiling) Sets (a planting stock), 56Ravine control, 86-87 Shs O8, 8, 10 (see also Tawmgya)Recording of costs, 144-145, 171 Shaping, 74Release olearing, 5-7 Shearing, 14Removal of containers befnre planting, 55, 63 Soltorbelts, 101Ropellents, 
Sholterwood, 6
on plants, 126 Shifting cultivation, 8, 10, 81
on seed, 47 3hooting wild aniLals, 126Replacement planting, 65-66 Silvex (herbicide), 34Replacoment sowing, 51 
 Silvioido, 33 (seo also herbicides)
Reporting of plantation activities, 144-145, 171 Siljicultural control,Resource data, for planning, 137-138 	 123 
Simazine (herbicide), 36Rhizootol .obi, for seed pelleting, 47 Site,Ridges pcu, ing, 25-27 

Ridges, tied, 	 choice for planting, vii
 
evaluation of industrial waste 
 lands, 114construction of, 47, 86 preparation,


sowing of, 47 49 burning, 3-4t 33, 47
Ring-barking, 5-7 los also Prill girdling) lear feiling, 4-5, 14-20, 89
 
Ripping (see Subseiling) 
 chemical, 33-38Roads, 24-25, 151-158 
 citeeen, 47classe*, 152-153 contour ditches and steps,cost of construction in Tunisia, 	 3, 83-8684 	 drainage, 25-26, 29-30,density, 142, 153-154 	 58, 103-111 

for direct sowing, 47-48indexing, 152 for irrigated plantations, 97
layout, 11 	 levelling, 9, 112 

in irrigated plantations, 98 	 anual ncthod, 2-12, 27 
maps, 152 mechanical methods, 11-32

planning, 11, 142, 151-152 objetive, 2
standards of construction, 154-158 
 patch tlearing, 3Root distortion in containers, 53t 55 	 strip fcling, 3 5-6, 4-48

Root plougs, 20, 88 	 strip felling 3, 50,, 4--4 
stumping, 7, 16t 20, 22, 23Root-shoot, 
terracing, 82-86cuttings, 56, 102 tie ridging, 47, 86ratios, 56 Site and grading of plants, 55-57Rooted outtings, 56 Skeleton plan, 136Rotavators, 25, 28, 71 Slash disposal, 8, 21-22 

Saccardy's formula, 83 	 Sodium are nits (herbicide), 6, 35
Sodium chlorate (herbicide), 33, 36
Saline soils, afforestation of, 91, 96, 105 
 Soil,
Salinity problems in irrigated plantations, 91, 93 conservation works,
Salt marshes, 105 degradation, 1, 8, 80Salt spray, 121-122 
 disturbance, 13, 16, 21Sand dunes, 
erosion,
occurance, 99-100 
 control, mechanical, 80-89
stabilization of, 100-103 
 control, vegetative, 80-81
Scale of operation, 13, 24 hazard, 1-4, 
25, 28, 38, 47Scarification of seed, 45, 47 wind, 99, 115Scrub cutters for land clearing, 15 hardpan, 2, 27 29, 1. 108

Season, planting 57-58, 60 importation to planting sites, 112, 114
aeed, 5oisture, 25, 58, 81availability, 43-44, 53, 137collection, planning of, 161-163 	 build-up before planting, 57storage capacity, 94-95cost, 43 nutrients, 58, 66, 111direct seeding of, reaction, 111, 113advantages and disadvantages t 43-44, 53 retaining structures, 80-89methods, 49-51 texture, effect on irrigation methods, 93of sand dunes, 103 water holding capacity, 91timing of, 48 Soil acting herbicide@, 33, 36 



Sowing, direct 

advantages and disadvantages, 43-44, 53 

methods, 49-51 

of sand dunes, 103 

timing of, 48 


Spacing, 
in pl.ntations, 11, 58-59 

in relation to soil moisture availability, 88 

of irrigation furrows, 93 

in line enrichment plantings, 149 

of roadn, 153-154 


Species, choice of, 

for disease and inect resistance, 122 

for mine spoils, 112, 114 

general, vii, 137 


Spoil sites (see Kine spoils)
 
Spot Powing, 49-51, 71 

Spot weeding, 70-71 

Stabilization,
 

of mine tips, 112 

of sand dimes, 100-103 


Stinger, for mechanized clearing, 18-19 

Storage capacity of soil, 94-95 

Stratification of seed, 46-47
 
Strip clearing, 3, 5-6, 47-48 

Strip cultivation, 25-26, 70-71 

Strfp mines, 111-112 (see als Mine spoils) 

Striplings, 54 

Stripe contour, 3 

Stumping, 

m.nual, 7 

mechanical, 16, 20, 22 

work norme, 23 


Stumps (as planting stock) 56, 102 

Suboiling, 20, 25, 28-29, 108 


along contour banks, 88-89 

costs in Tunisia, 84 

nethbde stepplue, 88-89 

of catastrips, 84 


Subsoiling plo'gh, 28 

Sulphuric acid, for pro-treatment of seed, 45 

Surface irrigation, 92-93 

Swampland, 


drainage, 105-111 

occurrence, 103-105 


Taungya, 8, 10, 51, 71 

effect on spacing, 59 


Tartaric acid, for breaking seed dor"Moy,46 

Tending of plantations 


irrigation 73, 90-98 

pruning, 5&-59, 74 

shaping, 74 

thinning, 59, 123, 149-150 

weeding, 68-73 


Toruisies, 63, 123-124 

Terracing, 82 

Thinning, 59, 123 


of line enrichment plamtatioos, 149-150 

Tied ridges, 


construction of, 47, 86
 
sowing of, 47, 49 


Timing and timeliness,
 
of Aireot sowing, 48 

of plantiag, 13, 31-32, 57-58, 150 


Tine harrows, 32
 
Tine ploug s, 27-28
 
Torion (herbicide), 35
 
Torreo paulista, 55
 
Torr*nt control, 86-87
 
Total herbicides, 33, 36
 
Training of labour, 12, 32, 138, 143
 
Trnslooated herbicides, 33-36
 
Transport of planting stock, 54, 61
 
Trapping wild winals, 126
 
Trap tress 124
 
Triazines ?herbioides), 36
 
Trittere, 15-16
 
Tubes, a@ plant containers, 55
 
Turf ploughing, 25-26, 108, 110
 

Ultra low volume spraying, 37, 71
 
Underplanting, 5-7
 

Varying grade contour ditches, 85
 
V-blade, for mechanized clearing, 14
 
Vegetative propagation, 53
 
Village forestry, 82
 

Water
 
oonqervation methods, 80-89
 
holding capacity, 91
 
pr-treatent of seed, 45-47
 
quality, 91-96
 
requirements, 90, 93-96
 
retaining capacity, 80
 
retaining structures, 80-87
 
eto"g reservoirs, 81
 

Watering plantations, 73 (see also Irrigation
 
of plantations)
 

Waterlogged sites,
 
drainage, 105-111
 
in irrigation schemes, 91, 93, 95
 
ocourrence, 10-105
 

Wattle fencing, 102
 
Weeding, 69-73
 

by burning, 129-130
 
chemical, 71
 
clean, 14, 27, 69-71, 89
 
of irrigated plantations, 73
 
regimes, 73
 

W.ed,
 
competition, 53, 58
 
elimination, 70-73
 
suppression, 70
 

Wet sites (see Waterlogged sites)
 
Wioker work fences, 86
 
Wildlings, 54
 
Wind,
 

damage, 57, 63, 89, 104, 121
 
erosion, 99
 

Windbreaks, '01-102
 
Windrowing of debris, e, 21-23
 
Work norm (see i -'duotivity rates and wrk norse)
 
Work study, 164
 

Yugoslavia, 81
 

Zino fertilizers, 68
 
Zino oxide, for breaking need donmenoy, 46
 


